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ABSTRACT.
Silica gels prepared by different methods have been 
found to give varied types of sorption isothermals, indicating 
a wide variation in pore size and distribution. The factors 
determining this variation have been investigated and in an 
attempt to alter the shape of the isothermals, several 
different gels were treated with various water- repellents 
and fatty acids. The sorption o û  water on these treated gels 
was found to be specific.
Finally, the hysteresis loops of several gel systems 
have been scanned and the results have been explained on the 
basis of the open-pore theory. Defects have bean pointed out 
in both the ink-bottle theory as represented by Katz, and 
Cohan’s version of the open-pore theory.
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I. 1.
SECTION I. INTRODUCTION 
Previous investigators have found that the 
sorption isothermals of different samples of silica 
gels are very varied in shape, indicating a wide variation 
in pore structure. There are many papers giving instructions 
for the preparations of silica gels, but so far their physical 
properties and methods of preparation have not been 
correlated with their sorption isothermals and the factors 
determining the shape of these iso thermals.
Silica gel B (Poster and Brown) is interesting in 
that no hysteresis loop is observed in any system where the 
molecular diameter of the sorbate is greater than 5*75 A* (1). 
One of the objects of this research was to find out how to 
prepare a gel of this type and also other gels with specified 
mean pore radii, and by comparison of their iso thermals 
obtain further knowledge of the factors causing these wide 
variations in isothermal shape.
In this work gels have been prepared by several 
different methods and various iso thermals, mainly of water 
and ethyl alcohol, have been determined. By a method 
similar to that given by Weiser and his collaborators (2)
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a sample of gel was prepared which gave an ethyl alcohol 
isothermal similar in shape to that of Poster’s gel B, (3) 
and which had the same mean pore radius. Using this metjrod 
as a starting point, different samples of gel were prepared 
in which factors such as the concentration, pH, temperature 
and the method of drying the wet gel were varied. All these 
factors were found to affect the pore structure of the gel, 
and are dealt with later in the discussion of the results.
In another method of preparation, hydrated ferric 
oxide was incorporated in the silica gel in varying amounts. 
By extraction with acid it was hoped to enlarge the pores 
in the gel and so obtain some correlation between the 
physical properties of the gel and the alteration in shape 
of the isothermal. The reverse process was also tried, in 
which an attempt was made to form a layer on the surface of 
the gel, or to block up some pores with various 
water-repellents, fatty acids, etc., isothermals being 
determined both before and after the treatment.
The history of silica gel, and the optimum 
conditions for its preparation, will now be briefly reviewed. 
The methods tried in this work will be pointed out, though 
the actual details of preparation are given later.
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Van Bemmelen first observed the capacity of dried 
silicic acid to adsorb various vapours, in 1897, (4).
Later, Marcus in 1911, (5) used silica gel as an absorbent 
to take up considerable quantities of undesirable 
constituents from gases and liquids. Patrick and his 
C O-workers (6) improved methods of preparing, drying and 
activating silica gel: his most active samples were obtained 
by heating the gel at (250-300)^0 in vacuo for half an hour 
or more.
Patrick, Eraser and Rush (7) showed that the 
adsorption capacity of silica gel for carbon-tetrachloride 
is not decreased appreciably unless a temperature greater 
than 750^0 is used for activation. This was confirmed by 
Holmes and Elder (8) for the adsorption of benzene.
Bartell and Almy (9) stated that if the heat of 
wetting by water Is taken as a measure of the activity of 
the gel, the temperature of heating should be approximately 
300*^ 0 for maximum activity. Furthermore, after half an
I
hour the time of heating was immaterial. The reduction 
of the adsoz^tion capacity of the gel to a low value, or 
even to zero, by ignition at high temperatures, was 
attributed to the removal of the water bound firmly in 
ultra-pores by adhesion forces, thus causing the structure
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to partially collapse.
Improvements on Patrick’s gel have been made by 
Briggs (10 ) who dried the unwashed gel containing sodium 
chloride at 300^ 0, and plunged it while hot into hot 
distilled water. This process was repeated until the 
sodium chloride was removed. The adsorption capacity for 
this gel for nitrogen at -190^0 was 60^ greater than that 
of a good grade charcoal.
Holmes and Elder (8) prepared a silica gel by 
adding dilute ferric chloride to water-glass solution 
until neutrality was reached. The precipitate was dried 
and the hydrous ferric hydroxide was dissolved oUt with 
hydrochloric acid. This method was tried in this work 
but the ’chalky’ gel so obtained was found to be 
unsatisfactory, in that most of the adsorption took place 
at hi^ pressures.
Plank and Drake (11) prepared silica-alumina gels 
and silica gels, and investigated the effects of pH, base 
exchanging, dilution, and ageing time (or syne re sis) on 
the pore diameter, particle diameter, density and surface 
area of the gels. Much information was gained from this 
paper and mixed silica-ferric oxide gels were prepared 
from the instructions using ferric ion instead of aluminium.
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though the data for the silioa-alumina gel of course did 
not apply to the silica-ferric oxide gel. They proposed 
various mechanisms for the effects of syneresis and 
base-exchanging, as follows:'
I. In the preparation of silica gel, the initial 
reaction was proposed to be the formation of micelles, 
consisting of short silica chains linked together within 
the micelles by intra-mi cellar hydrogen bonds of type:
H
I 11
(a ). —Si—0—H— 0-^i—
1 )
to form a three dimensional network.
II. The micelles are joined into chains at the time 
of gelation by inter-mi cellar hydrogen bonding throu^ 
water molecules giving a structure of type:
(B )• —Si—0—H— 0—H— —0—Si—
III. The slow reaction of syneresis, or ageing, involves:
(i) continued condensation between the micelles, i.e# 
water is split out from the inter-mi cellar bonds, thus 
converting them to intra-mi cellar type bonds.
(ii) cross-linking between chains within the individual 
micelles, until finally the structure of a single micelle 
resembles the Zaohariesen (12) structure of glass.
1.6.
H
I II I I
(c) —Si—0— Si— --------  ^—Si-0—Si— + HpO
* ' slow irrev. ' *
The rate of condensation is decreased in the case of both 
types of bonds by the presence of excess hydrogen ions, 
according to :
(p) ( H H
—Si—0—H———0—H— —0—Si— + ^  —Si—OH^ + HO-Si— + Hf.0I I ) I 2
The density of the final gel is said to be evidently 
determined by the average length of the chains connecting 
the micelles. Thus when a large proportion of inter-mi cellar 
bonds are converted into intra-mi cellar bonds, a low density 
gel results, as the shorter chains permit a more closely 
packed arrangement. If reaction (D) proceeds, shorter 
chains are produced, and thus there is an increase in 
density and surface area of dry gel. The surface area effect 
means that the cross-linking within the micelles is also 
slowed down due to adsoi^tion of hydrogen ions (or hydroxyl 
ions). Also once syneresis has proceeded practically to 
completion (reaction (C) ), the introduction of acidic 
media would have almost no effect at all. Finally with 
increasing silica concentration, one would expect a greater 
amount of cross-linking and hence obtain a gel of lower 
density and surface area.^  Plank and Drake found this to be sd
1.7.
experimentally, and it is also confirmed in this work.
Another detailed investigation of silica-alumina 
gels (as catalysts) was made by Millikin, Mills and Obi ad (13) 
They deduced that a cristobalite or a structure very close to 
it exists in silica gel. In mixed gels there is 
inter-bonding by condensation of hydroxyl groups existing 
at the interface between silica, and in this case, alumina 
particles, but this crystallising influence probably only 
extends a few molecules deep into the silica particle.
Weiser, Milligan and Holmes (2) prepared samples of 
gel from (3i ) water-glass and (2) sodium metasilicate with 
acetic acid at 0°^  25^ '^ 60^  and lOO^ C. The water 
isothermal8 described all have large hysteresis loops 
except for a gel precipitated from sodium metasilicate 
solution aged by prolonged boiling, before addition to 
boiling acetic acid solution. Water adsozption-desoiption 
curves for this latter gel follow exactly the same course 
without any indication of the hysteresis loop. The gels 
described in the present research were prepared either at 
room temperature or lO^ C, and only a very small hysteresis 
loop was obtained with ethyl alcohol, the isothermal being 
similar in shape to gel B, as already mentioned.
The optimum conditions for the formation of
wHa
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silica gel have been studied in detail by Ray and Ganguly 
(14). They found there were two limiting pH values for 
gelation for each particular concentration of silicate 
solution, and so obtained the graph as shown in Pig. I.l.
A solution will set when there is either an excess of 
hydrogen ions or practically the same excess of hydroxyl 
ions, excess of either ion being within limits as shown 
in the curves. Hydrochloric acid was titrated against the 
silicate solution; when sulphuric acid was used they found 
the region of gel formation was not shai^ly defined. The 
apparatus used by Ray and Ganguly and used also in this 
work when different pH values were required is as in 
Pig. X. 2. .
Further information on silica gel was obtained 
from Merrill and Spencer (15). They obtained curves for 
the time of gelation at 25^ 0. of sodium silicate - acid 
mixtures as a function of the acid/silicate molecular 
ratio, (see Pig# I. 3.) Minimum gel time (one minute or 
less) was found for a mixture containing 0.95 equivalents 
of acid per mole of silicate. For mixtures of low pH, 
the time of gelation increases considerably. This was 
confirmed in the present work, since the mixed silica-ferric 
oxide gels which were approximately neutral set almost
1.9.
immediately, while gels of\ow pH were often left to set 
overnight. Other important facts disclosed were:
(i) the pH values of acid-silicate mixtures below a 
molecular acid/silicate ratio of 1.0 gradually increase on 
standing by as much as 0.7 pH unit.
(ii ) at high silica percentages, (10-15/^ ) the exact 
time of gelation depends on the order of mixing. Gel times 
are higher if silicate is added to acid.
A short summary of the methods finally used in gel 
preparations is therefore :
(1) Plank and Drake (11)- mixed silica-ferric oxide gels .
These were later treated with acid to remove the
ferric oxide and so obtain further samples of 
silica gel.
(2) Holmes and Elder (8) - mixed silica-ferric oxide 
gels and their extracted ’chalky* gels. These 
proved unsatisfactory. ^
(3) Weiser. Milligan and Holmes (2) - a satisfactory 
silica gel, similar to Foster’s gel B, was obtained. 
Dilution, effect of different acids, and pH of 
mixed solutions were varied.
(4) Ray and Ganguly (14) - further effects of pH were 
determined, using buffer solutions and information
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obtained from the curve in Fig. I.l.
It was hoped to obtain a correlation between gel 
preparation, and thus gel structure, and the shape of the 
isothermals produced. It was also hoped to obtain further 
information by treatment of the dry gels with various 
substances, for example, ’teddol’, a commercial product 
consisting of a mixture of methylchlorosilanes, was used to 
form a water-repellent film on the gel, thereby changing the 
contact angle of the gel surface to liquid water.
As the variation in isothermal shapes has been 
studied, a brief review of isotherm types, and theories of 
gel structure to account for adsorption-desorption hysteresis 
will now be discussed.
Brunauer (16) has divided the widely different types 
of Van der Waals adsorption into five isotherm types. In 
Fig. 1.4# these isotherm types are shown together. They 
are hypothetical, not real isotherms, though each type can 
be illustrated with examples from the literature. Type I 
is the Langmuir adsorption isotherm and represents 
unmolecular adsorption. The most successful interpretation 
of isotherms of this type has been given by Langmuir (17) 
who derived the well known equation:-
FIG-.I. 4. TXE FIVE ISOTHERM TVPeS
TYPE I,
P
V
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p
V
p
p
V V
r.ii.
V p
l+bp
which may also be put in an alternative form, more suitable 
for graphical testing:- , •
a = -1- + £
where v is the volume adsorbed at pressure p, and v^ 
is the volume adsorbed when the surface is covered with 
a complete unimolecular layer. For a given system, b the 
adsorption coefficient, is a function of the temperature 
only.
Type II is the 8-shaped or sigmoid isotheim; no 
names have been attached to the other three types, thou^ 
types II and III are closely related to types IV and V.
The types II and III indicate adsorption that increases 
indefinitely as the vapour pressure p^  is approached, 
whereas types IV and V suggest that the maximum adsoi^tion 
is attained, or almost attained, at some pressure lower than 
the vapour pressure of the sorbate. Type II isotherm is 
attributed to multimolecular adsorption. The multimoleoular 
adsorption theory of Brunauer, Emmett and Teller (18) is 
the first attempt to give a unified theory of physical 
adsorption, and its most general equation claims to include
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all five isotherm types as special cases , and to describe 
the shape of each isotherm type through the entire range of 
adsorption, from zero pressure to saturation pressure, 
including unimolecular adsoi^tion, multimolecular adsorption 
and capillary condensation. The B. To equation for 
adsorption taking place on a free surface is
= 4 - + (1)
t (Po- p ) v^c Pq
i#e* the plot of the function p/v(p^- p) against
p/Pq gives a straight line if the theory is obeyed. The 
intercept of the straight line is 1/v^c , and the slope is 
(c-l)/v^c. Thus one can obtain the two constants v^ and 
c from the experimental data. If adsorption does not take 
place on a free surface but in a limited space, then at 
saturation, only a finite number of layers can build up on 
the surface of the adsorbent. In a capillary consisting of 
two plane parallel walls, for example, if the maximum number 
of layers that can be adsorbed on each wall of the capillary 
is n, then one obtains in place of equation (l):
(v cx) l-(n+l)x “ +
V = - ^ ---------------  (2)
(1-x) l+(o-l)x - ox“'*’^
1.13.
where x = p/p^ and and c are as before.
In equation (2) the forces of capillary condensation 
were neglected and it can be regarded only as a rough 
approximation in the higher pressure region. Equation (2) 
includes as special cases the isotherm types I, II and III 
in Pig 1.4" If n*l) it reduces to:-
, . (5)
1 + (c/Pq )p
and we obtain a type I isotherm. If n is greater than 1 
we obtain type II or III isotherms, depending on the value 
of the constant c. If the attractive forces between adsorbent 
and adsorbed vapour are greater than the attractive forces 
between the molecules of the adsorb ate in the liquid state, 
we obtain 8-shaped type II isotherms. If on the other hand 
the reverse is truE, we obtain type III isotherms. Type IV 
and V isotherms are described by a further equation which 
includes the fact that the last adsorbed layer in a 
capillary is attracted on both sides, and so its heat of 
evaporation must be greater than that of the other layers- 
Finally there is a probability that when one layer 
is adsorbed on a surface element of one of the walls, there 
may be zero, one, two, three or more layers adsorbed on a
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corresponding surface element of the opposite wall, and 
thus the last adsorbed layer may form not only in the middle 
of the capillary, but in any other part. A derivation that 
takes care of this situation was put forward by Brunauer, 
Doming, Deming and Teller (1$).
In practice all equations reduce to (l) for the 
initial part of the isothermal, and this is normally used 
to determine v^ , as already described. The straight line 
line usually only extends over the region 0.05< p/p^< 0.35.
Both the claim and the fundamental assumptions of 
the B. E. T. theory have been the subject of much discussion. 
For example, as Foster has pointed out (20-),the assumption 
that the net heat of adsoiption falls to zero after the 
completion of the first adsorbed layer is contrary to 
experimental evidence.
Several modifications have been suggested, but they 
only introduce an additional constant which enables the 
equation to fit the isothermal over a slightly wider range
of pressure, forr example, Anderson (21).
\
The surface area of the sorbent can be calculated 
from the equation
S = m
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Where A is the oross-sectional area of a single molecule, 
and S is the surface area per gram. The determination of 
by means of the B. E. T. equation and hence the calculation 
of the surface area of the sorbent is one of the most important 
applications of the theory. The adsorbed molecule used for 
this determination should be as small as possible so that the 
finer pores of the sorbent are penetrated. The sorbates in 
general use are nitrogen, oxygen, argon and krypton.
Brunauer and Emmett (22) examined a large number of 
isothermals determined on the same catalyst, and considered 
the relative merits of various points on the curves for the 
completion of the monolayer. They found that the best 
agreement was obtained from values taken at point B, at which 
the linear isothermal begins, and they supported this 
conclusion by data obtained from heats of adsorption, which 
showed a sharp drop in the vicinity of point B.
Foster (20) has shown that, when sufficient low 
pressure data are available, point A values agree well with 
those obtained by application of the Langmuir equation, and 
that there is some theoretical basis for the point A, but 
not the point B method. The location of point B depends on 
the magnitude of o, and the larger its value, the closer will
1.16.
point B approach point A.
Finally Foster emphasised that the B. E. T. theory, 
unlike the older potential theories of adsorption put forward 
by Polanyi and his collaborators (23), (24) does not postulate 
the existence of long-range adsorption forces, but is 
consistent with Langmuir*s views on the short range of these 
forces. Adsorption beyond the first layer takes place under 
the influence of the cohesive forces of the molecules of the 
adsorbed substance acting as in the liquid state. The most 
important forces responsible for the van der Waals attraction 
between molecules are the dispersion forces of London (25).
Recently another treatment of the multilayer 
adsorption theory has been published by G. F* Huttig (26) 
which challenges an implicit assumption of the B. E. T. 
theory not recognised before. Huttig assumes that molecules 
covered by second and hi^er layers still play their role 
in evaporation as freely as if the higher layers were not 
present, while the B. E. T. theory assumes first-layer molecules 
so covered are prevented from evaporating. That is the only 
 ^point of difference of the two theories. S. Ross (27) has 
made a comparison of the two treatments, and tested the two 
equations given below:-
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The B. E. T. équation:-
+ (0-1)p
v(Pq- p) cv  ^ cv^ P q
Huttig*s equation:-
E (1+E ) = p . /
V p„
Using experimental data published by Huttig and Pietzka (28), 
he has shown that the new theory describes the experimental 
results with greater precision.
Comments on the adsorption isotherm of Langmuir and 
of Brunauer, Emmett and Teller for multilayers have also been 
made by D. C. Jones (29). He pointed out the resemblances 
between the B . E. T. equations for multilayer adsorption and 
those of Langmuir (17) for cases 17 and VI, which are 
concerned respectively with adsorption where n molecules can 
occupy one elementary space and where multilayers, in limited 
numbers up to n, or where n is infinite, can occur# The 
Langmuir equation for case IV is
%  I -t- "HM- f <rr<ri<G -t- •• • •
o.s~- 1.0
X = p^o
»v-2. ^
“ 1.0
B KV = C = Zf .
v /v
- 1.0
C. KL= 1 , c < 4 .
------- ^ »NrU£;<.tO{M RRg MARKEf) X
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where?] = the total quantity of adsorbed gas in gm* molecules 
N = Avogadro’s number.
the number of elementary spaces per square cm.
^ = the collision number.
(t; , (T^ .... (T^ are relative lives of the adsorbed molecules in the 
elementary spaces containing 1 to n molecules.
If now the Langmuir assumption is made that but that
(T^ (Tg  ^cr^ etc. then equation (i) becomes:
^  f +__3_ (0"^  t- :_i-— K ( cfx
1%, ' +- +- (npi) + + ...
The corresponding equation given by Brunauer (16) is
Ï _ ox(l + 2% + 3%^+............) (lii)«
Vg^  1 + ox(l + X + x^+ .... x““^ , )
Equations (ii) and (iii) are identical if :
(S~i 1^ “ cx
= X
that is 0 = 0^
An interesting case occurs when n = 2, and Jones has analysed 
this possibility mathematically and so determined the points 
of inflection of isotherms in which the value of o(= is
varied.
Prom equation (iii) using the B.B.T# nomenclature but 
remembering that c is now (q/ the equation:
BROKEN U N E  JNplCRTES
v/v^  .
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Z _ ox.(l. +_2%j
—  2 
v„ 1 + cx + cxin
is obtained for n = 2# When c = 4 this equation becomes
Z _ ..-4s .
1 + 2X
which is the equation of a rectangular hyperbola passing 
through the origin with asymptotes v/v^ = 2 and x = -J- 
(see Pig. I. 5#B. )
I
A summary of his mathematical analysis is more easily 
seen by consideration of Pig. I. 6. The realisable isotherms 
are of course, only found in the positive quarter of the 
graphs. The realisable adsorption curves are of type I if 
c > 2 (interpreting type I as iso thermals which are always 
concave downwards and not necessarily obeying Langmuir*s case 
I equation ); type V if 0.2 < c < 2. If 0 > c <0.2, the 
positive point of infleotion is at values of x > 1 and the 
adsorption type could best be called VA, although it resembles 
type III in being convex downwards for the whole of the 
realisable curve. The locus of points of inflection is 
indicated in Pig.1.6. by the broken line.
Since in this research, sorbents are both prepared by 
different methods and chemically treated, the isothermals 
investigated vary widely in shape. It therefore might be 
expected that siMlar results to those described by Jones
1.20#
might be obtained, especially in the case of the teddol
’blocking’ treatment where n might be very small.
If one is interested in the distribution of the
capillaries of the adsorbent, one can get a rough
approximation by using the capillary condensation theory*
Zsigmondy (30) first suggested that the mechanism of sorption
of water by silica gel was a condensation process#This theory
has been extended by Poster (,31) on the basis of the results
of Lambert and his c ell ab ora tors, (32), and he has shown that
the sorption mechanism can be explained by a process of
capillary condensation, following layer adsorption. The
Kelvin equation gives the relation between the vapour
pressure, p,over a liquid confined in a narrow capillary of
radius r, and the saturation pressure, p , at the sames
temperature, as;-
In p /p = 2My/drRT s
where M = molecular weight.
y = surface tension at T^ K# 
d = density at T^ K#
R = gas constant#
It is generally thought that this equation must break 
down when r approaches molecular dimensions, since both 
and d may then depart from their normal values. However, it 
has been shown to hold for comparative purposes, for a 
capillary radius of the order 20A, whilst the radius-volume
1.21.
curves of Broad and Foster (53) for H^O and D^ O on silica gel, 
which coincide completely, show calculated values as low as 8A.
A mathematical analysis of this question has been made by 
Hill (34) who calculated the dependence of surface energy and 
surface tension of spherical drops on the radius. He found 
that although the surface tension and surface energy decrease 
with decreasing radius, the magnitude of the effect appears to
be surprisingly small.
/ :  
A characteristic of capillary condensation is the
appearance of hysteresis loops in the adsorption isothermals,
and the various theories of hysteresis will be discussed later.
A summary of the factors governing the shape of iso thermals is
given by Poster (31) briefly as follows ; i
(1) The shape of sorption isothermals is determined 
largely by the actual size of the pores of the adsorbent. If 
they are small, the formation of a strongly adsorbed layer one 
or two molecules thick is sufficient to fill the entire 
internal volume, whereas if they are large, the layer 
adsorption is followed by capillary condensation, until the 
pores are completely filled.
(2) Hysteresis is associated with capillary condensation.
(3) When capillary condensation occurs, the Kelvin equation 
is applicable over the descending portion of the hysteresis area. 
The effect of temperature on the desorption equilibria is in 
exact agreement with this equation, which also enables
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isothermals for different liquids on the same adsorbent to be 
reduced to the same scale, by plotting the capillary radius 
against the volume of the sorbed liquid. These radius-volume 
curves can be made to coincide by displacement parallel to 
the axes.
(4) In systems which give reversible isothermals, there 
is no evidence that condensation occurs# Isothermals of this 
type are to be attributed to layer adsorption, and the 
specific properties of the sorbed liquid have a considerable 
influence in determining their shape.
The desorption branch of the hysteresis loop is 
characterised by a point of inflection which corresponds 
approximately to the most frequently occurring capillary 
radius. The reason for this becomes clear if one plots the 
differentiated structure curve, dv/dr against r, for the 
desorption branch. This curve shows the contribution of the 
pores of radius r to the total capillary volume of the gel. 
The peak of the curve (See Pig.1.7.) corresponds to the point 
of inflection and thus the radius corresponding to the point 
of inflection is the most frequently occurring radius in the 
gel.
The amount held in the unimolecular layer can be 
approximately determined by the point A method, by 
extrapolating the linear middle part of the isothermal, if 
such a linear region exists, to zero pressure, otherwise more
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laboriously from the B.E.T. equation. The point A method is 
theoretically sound for high values of the B.E.T. constant c 
and has been applied successfully to many systems by Poster 
(20). By comparison of this quantity and the amount sorbed 
at the beginning of the hysteresis loop, an estimate of the 
number of layers adsorbed before the start of capillary 
condensation can be made. In the absence of detailed 
information about the orientation of adsorbed molecules 
the mean molecular diameter is calculated from the well known 
equation:
<r = 1.33.
which assumes square close-packing, (35), (36). It is then 
possible to obtain a value for the true mean pore radius of 
the sorbent, by the addition of the thickness of the adsorbed 
layer to the mean capillary radius, calculated from the 
Kelvin equation. Good agreement has been obtained by Poster 
and other investigators for various sorbates on both silica 
and ferric oxide gels., (l) (37) (38) (39).
Some modem theories of adsorption suggest that the 
adsorbed layer should be mobile, and should exert a spreading 
pressure similar to that of films on liquid surfaces. The 
demonstration of phase changes in two-dimensional films on 
water has been extended to the adsorbed layer by Bangham (40-)
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and Harkins (41) and their collaborators. Harkins and Jura 
have further assumed the same equations of state apply to 
both sets of films. They have published two methods for the 
determination of. the surface area of porous solids. The 
’absolute’ method (42) involves the measurement of the heat
of immersion of a solid, previously saturated by exposure to
vapour, in an extremely sensitive calorimeter. The ’relative’ 
method (43) is based on an empirical relation, as according 
to these workers, condensed films in monolayers follow the 
relation:-
(r) ir = b - acTm
where tt is the surface pressure ( formerly denoted by P ) 
and cr^ ( formerly A ) the area available per molecule in 
the surface layer, defined by
(2) (T^  = M^/ÏTq
where qAî is the adsorption in moles per gram and 
^  the specific surface.
Equation (1) may be substituted into the Gibb’s equation 
which on integration gives the Harkins-Jura isotherm:-
(3) log^p = B - A/q^
where A = a(M2,)^/2NRT or £,= kA^ , where k is assumed to be 
characteristic of a given adsorbate, at a given temperature, 
and independent of the nature of the adsorbent; k can be 
evaluated from a single experiment by the ’absolute’ method 
on a non-porous solid and this value used for other adsorbents.
1.25.
porous or non-porous, at the same temperature. Emmett ,(44) 
has criticised the latter assumption and both Emmett and 
Livingston (45) have considered the compatibility of the 
B.E.T. theory with the Harkins-Jura relation and conclude 
that if a given set a data follow the B.E.T. equation, the
H.J. method will not give a linear plot unless the B.E.T. 
constant c is at least 50.
Hysteresis.
According to Zsigmondy, (30), the higher pressures 
ot^ served during addition of vapour are due to incomplete 
wetting, since the radius of curvature of the meniscus is 
greater when there is an angle of contact with the walls of 
the capillaries. Poster’s radius-volume curves however, 
provide no evidence of any simple relationship between the 
radii at corresponding points on the two branches of the 
hysteresis area. If the walls are covered by an adsorbed 
layer before condensation begins, it is difficult to see how 
the wetting equilibria can fail to be reversible.
It was suggested by Kraemer (46) and elaborated in
more detail by McBain (47) that the phenomenon of reversible
>
hysteresis could be explained by the assumption that the pores 
are shaped like ink-bottles, having constricted necks and 
wide bodies. The vapour pressure during adsorption is 
determined by condensation in the portion of the cavity with 
a relatively large diameter, whereas the vapour pressure at
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which desorption takes place, corresponds to that in the 
narrower neck.
Rao (48) assumed that there are two types of pores 
in adsorbents : V-shaped pores and pores with constricted 
necks, shaped like ink-bottles. The V-shaped pores fill and 
empty reversibly, the others are responsible for hysteresis. 
Rao (48) investigated the hysteresis loop by a process which 
he called ’scanning’ the loop. The scanning curves are 
obtained by:
(i) starting from the adsorption branch and reducing the 
pressure.
(ii) starting from the desorption branch and increasing 
the pressure.
The scanning results obtained by Rao can be accounted 
for qualitatively by the ink-bottle theory. Since scanning 
curves are determined in this work, a more detailed 
explanation is given later in the discussion of the results.
However it can be assumed that mostly open pores and 
clefts occur in gels. Poster (31) suggested that hysteresl# 
was due to a delay in the formation of the meniscus in open
pores during the adsorption process. At the beginning çt the
/
hysteresis area there is a adsorbed film on the wallsthe 
capillaries only a few molecules thick. As the pre/^ r^e is
increased more adsorption takes place, and in it^^^iginal
_
form the open-pore; theory assumes that the men'^ ous does not
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form until the adsorbed layer is thick enough to block the 
pore at its narrowest point. When this happens capillary 
condensation occurs immediately, but in those which are not 
blocked the meniscus cannot form until more liquid is present, 
and this liquid which remains on the walls exerts a higher 
pressure than would result if condensation occurred.
Poster (38) later pointed out that continued layer adsorption 
would be assisted by a capillary condensation effect, due to 
the cylindrical meniscus presented by the adsorbed layer, 
which produces a free energy decrease approximately one half 
of that due to normal condensation at a spherical meniscus in 
a pore of the same radius. At saturation all capillaries 
fill and since this involves the formation of a meniscus in 
every pore, the desorption branch obeys the Kelvin equation. 
Thus the ascending branch of the loop corresponds to 
simultaneous adsorption and condensation, while the 
descending branch represents capillary condensation only.
Cohan (49) used Poster’s idea that a delay in the 
formation of the meniscus during adsorption is responsible 
for hysteresis. However, he suggested that condensation will 
occur if the pressure of the vapour is raised to a high 
enough value to form an annulai» ring of condensed liquid on 
the wall. When this pressure, p^ , is reached, the capillary 
will fill completely, since any inner annular ring has a
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lower vapour pressure than the outermost one. Cohan showed 
that the pressure at which the capillary fills during
adsorption is given by 2-
I. p . p„e-VV(r„-<r)HI
a o
where r is the pore radius and <r is the thickness of the o
adsorbed layer.
When the capillary is full the meniscus forms, therefore 
during desorption the Kelvin equation is obeyed2-
II. p, =
Prom these equations the relation between p and p^ becomes 2-
III. P / P o  =
This equation has not yet been tested satisfactorily.
The condition for p^ = p^ is that 2/r^  =l/(r^-cr) or r^  = 2 cr # 
This is the radius at the point of hysteresis inception, at 
which both equations I and II give the same value for p.
The thickness of the adsorbed layer at the beginning of 
capillary condensation can therefore be calculated from the 
equation 2
IV. ^ = r^2
where r^  is the radius of the capillary corresponding to the 
beginning of the hysteresis loop, calculated from the Kelvin 
equation.
In an attempt to obtain evidence for the validity of 
either the ink-bottle theory or the open pore theory, the - 
hysteresis loops of several gel systems were scanned in this
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research.
Both these theories are therefore discussed in detail in a 
later chapter dealing with the scanning results, together 
with a corrected relation for Cohan’s equation I given by 
Poster, and various criticisms of both theories.
The present research is divided into the following 
sections :
\
(1) the preparation of silica-ferric oxide gels, the 
extracted silica gels, and the correlation of adsorptive 
properties with the physical properties of the gels.
(2) the preparation of silica gels, including the variation 
in concentration, pH, and other factors, and the 
corresponding isothermals.
(3) the treatment of gels with various water-repellents in 
an attempt to cover the surface with a siloxane layer, or at 
least block up some of the pores. One gel was also treated 
with fatty acids, again in an attempt to form a monomolecular 
layer or block some pores.
(4) and finally the hysteresis loops of various gel systems 
were scanned, including those given by a silica-ferric oxide 
gel and the corresponding extracted silica gel.
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SECTION II. EXPERIMENTAL.
A. Materials.
(1) Preparation of the Sorbents#
(a) General Remarks on Preparations#
In all cases, unless otherwise stated, the sodium 
silicate solution was added slowly to the acid solution 
which was stirred vigorously by means of a mechanical 
stirrer. After the addition of the sodium silicate, the 
stirrer was removed immediately if the gel solidified in 
half a minute, (as in the case of the mixed silica-ferric- 
oxide gels), otherwise the stirring was continued for five 
or ten minutes to ensure thorough mixing of the solutions. 
In some of the later preparations both the sodium silicate 
and the acid solutions were cooled in ice. ,Indicators, and 
later a pH meter were used to obtain gels at a specified pH. 
These conditions and those of drying, ageing, base 
exchanging,etc., have all been recorded. The wet gel was 
cut up into small cubes, placed in a Buchner funnel, and 
washed with distilled water until the gel was free of all 
traces of acid. The gel was then drained and placed evenly 
on a metal tray covered with filter paper. In most cases 
the tray was placed in an oven at llO^C and the gel was 
frequently turned over during the drying process. When the 
gel was thoroughly dry and quite hard it was removed.
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bottled and labelled.
(b) Gel Labelling System, 
s denotes silica gel.
sf denotes a mixed silica-ferric oxide gel.
The capital letter denotes an author whose instructions have
been followed in the preparation of the gel, for example ;
W - Weiser.
H - Holmes.
P - Plank.
1, 2, 3, 4, ... a,b,c,d, etc. denote different variations
in the gel preparation.
(c) Analysis of Sodium Silicate.
Table.II^. (gm.
Specimen. ^ silica, fo N^O. ^^gravitv.
Water-glass solution, 37.35 18.0 1.7
(Harrington Bros. Ltd.)
Sodium metasilicate (solid), 28.10 28.0
(B.D.H. )
(d) Method of Gel Preparation.
Section (I).
The method used in the preparation of the following 
batch of gels was similar to that described by Plank and 
Drake, (11). They prepared mixed silica-alumina gels, but 
here ferric chloride was dissolved in the acid solution 
instead of Al^ ^^ , to produce mixed silica-ferric oxide gels. 
Approximately equivalent amounts of alkali and acid were
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used so that neutral gels were obtained.
(i). Gel sfPl.
175 gm* water-glass in 1 litre of solution was added to a
mixture of 17.5 gm. ferric chloride in 1 litre of 0.7N
hydrochloric acid.
Time of setting. The e^l set in about & to 1 minutes after 
the addition of the silicate solution, a solid yellow,
slightly cloudy gel being obtained.
Base Exchange. The gel was treated with Vfo ammonium
chloride after 24 hours.
Ageing. After the gel was washed thoroughly, it was left 
to age for 70 hours.
Drying. The gel was dried in an air oven at llO^C for 
about 5 hours.
(11). Gel sfP2.
175 gm. water-glass in 1 litre of solution was added to a
mixture of 35 gm. ferric chloride in 1 litre of 0.4N
hydrochlorio acid.
Time of setting. -J- minute.
No base exchange was used.
Drying. The gel was dried in an air oven at llO^C#
(iii). Gel sfP3.
175 gm. water-glass in 1 litre of solution was added to a
mixture of 60 gm. ferric chloride in 1 litre of 0.2N
hydrochloric acid.
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Time of setting. The gel set immediately to a cloudy
yellow gel. |
Ageing. The gel was allowed to age for 1& hours.
Drying. In an air oven at llO^C#
(iv). Gel sPl.
The iron in gel sfPl was extracted with dilute sulphuric
acid, and the remaining silica gel was thoroughly washed |
o I
with distilled water, and dried in an air oven at 110 C. j
(V). Gel sP2. j
Extracted gel from sfP2.
(vi). Gel sP3. i
Extracted gel from sfP3*
Isothermals. Ethyl alcohol isothermals were determined
on all these gels. Water isothermals were also determined
on gels sfP3 and sP3# (Pigs. III. 1 - 8 )•
Section (II).
I
The method used in the preparation of the following hatch
of gels was similar to that described by Holmes and Elder (8),
for a ’chalky’ silica gel.
(i) - (iii) Gels sfHl. sfH2. sfH3.
210 gm. water-glass in 2.5 litres was added to 400 ml.
3N ferric chloride solution. ^
Ageing. The sludge was allowed to stand for 24 hours,before 
it was filtered.
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Drying. The semi-hard sludge was divided into three parts 2 
(a). One part was dried in an air oven at llO^C,- Gel sfHl.
(B). Another part was dried in air for one week, bottled dkvl 
sweated for two weeks, then dried off in an air oven.-Gel sfH2.
(C). The last part was dried in the air for about three 
weeks, - Gel sfH3.
(iv) - (vi) Gels sHl. sH2. sH3.
These were the white ’chalky* silica gels obtained,after the 
iron had been extracted from the corresponding silica-ferric 
oxide gels with dilute sulphuric acid. Each extracted gel was 
thoroughly washed with distilled water, and dried in an air oven 
at 110°C.
ISOthermals. Ethyl alcohol isothermals were determined on 
these gels, but proved unsatisfactory as most of the adsorption 
took place in the high pressure regions. (Pigs. III. 9-12 ). 
Section (III).
The following gels were prepared according to the 
instructions of Weiser (2), with various added modifications. 
B.D.H. sodium metasilicate (solid) was used in the 
preparation of these gels.
(i). Gel sWl. (a and b).
55.5 gm. sodium metasilicate in 120 ml. of solution ( 0.13 gm. 
silica per ml.) was added to 15 ml glacial acetic acid in 
50 ml. solution.
The precipitate was filtered off, washed with distilled water
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and divided into two parts;
(a ). One sample was dried in an oven at llO^C,- Gel sWla. 
(B). The other sample was freeze-dried in vacuo,- Gel sWlb.
(ii). Gel sW2.
55*5 gm. sodium metasilicate in 120 ml. solution was added to 
45 ml. glacial avetic acid in 150 ml. solution. ,
Time of setting. After | hour the mixture set to a fairly 
clear solid gel.
Drying. In an air oven at 110^ 0.
(iii). Gel sW3.
27.8 gm. sodium metasilicate in 120 ml. solution was added to 
45 ml. glacial acetic acid in 150 ml. solution.
Time of setting. The solution was left to set over the 
week-end to a clear hard gel.
Drying. At llO^ C.
(iv). Gel sW4.
The preparation of this gel was similar to that of gel sW2 
except that hydrochloric acid was used instead of acetic acid.
55.5 gm. sodium metasilicate in 120 ml. solution was added to 
114 ml. concentrated hydrochloric acid in 150 ml. solution. 
Time of setting. The solution set in 4 hours to a fairly 
clear solid gel.
Drying. At llO^ C.
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(v). Gel sfW5.
The preparation was the same as for gel sW4 except for the 
addition of 1.5 gm. ferric chloride to the acid solution.
Most of the iron was removed during the washing of the gel, 
however.
(vi). Gel sW6.
9 gm. sodium metasilicate in 20 ml. solution was added to 
8.3 ml. concentrated hydrochloric acid in 50 ml. solution.
Time of setting. The solution set almost immediately to a 
fairly clear solid gel.
Drying. At 110°C.
IsothermalSo
Both ethyl alcohol and water isothermals were determined on 
gels sWl. The curves were similar in shape, with most of the 
adsorption taking place at high pressures. ( Pigs. Ill.13,14#) 
An ethyl alcohol isothermal was determined on gel sW2, the 
shape being identical with Poster’s gel B and with the same 
average pore radius. ( Pig. III. 15# )
Water isothermals were determined on gels sW2,3>4,5>6 and 
are plotted in Pigs. III. 16-20.
Section (IV).
Weiser’s method of preparation was used as a starting point 
and the pH of the gels were varied. Indicators were used 
initially, but finally a more accurate determination was 
made with a pH meter. In the case of gels sW9,10,ll,12 the
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concentrations used were taken from the graph drawn up by 
Ray and Ganguly, and the apparatus used was as in Pig. I, 2_. .
(i). Gel sW7.
55*5 gm. sodium silicate in 120 ml. solution was added to a 
buffer solution consisting of a mixture of 6.8 gm. sodium 
acetate in 50 ml. solution and 47.5 ml. concentrated 
hydrochloric acid in 80 ml. solution.
Temperature. Both the sodium silicate solution and buffer 
solution were cooled in ice to 5^ C before mixing. The 
vessel containing the mixed solutions was also cooled in ice 
during the addition. 
pH and Indicator.
Bromophenol blue. —  pH 3.0
Time of setting. The mixed solutions were left overnight in 
a cool place. A clear fairly hard gel was obtained.
Drying. At llO^C, as are all the following gels.
(ii). Gel sW8.
27.8 gm. sodium silicate in 120 ml. solution was added to a 
buffer solution consisting as in the preparation of gel sW7. 
pH and Indicator.
Bromophenol blue. —  the pH of the mixture was adjusted to 4*0.
.. /
Temperature. As in the preparation of gel sW7.
Time of setting. A clear gel was obtained on leaving 
ovemi^t.
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(iii). Gel sW9>
2.52 gm. sodium silicate in 120 ml. solution was added to a 
volume of 0.2N hydrochloric acid so as to obtain a sol of pH 
approximately 6.0. The total volume was made up to 240 ml. 
Indicator’
Bromocresol pupple.
Temperature. The solutions were cooled in ice to 5^ C.
Time of setting. Over the weekend a small gelatinous 
precipitate was obtained, which was filtered off, washed and 
dried as usual.
(iv). Gel sWlO.
20 gm. sodium silicate in 120 ml. solution was added to a 
mixture of 19#5 ml. concentrated hydrochloric acid and
6.8 gm. sodium acetate in 120 ml. solution. 
pH. 3#5 ( using pH meter ). - _
Temperature of mixing. lO C^*
Time of dotting. Over the weekend.
(v). Gel sWll.
27.8 gm. sodium silicate in 120 ml. solution was added to
a mixture of 6.8 gm. sodium acetate and approximately 25 ml. 
concentrated hydrochloric acid, the total volume of the sol 
being made up to 250 ml. 
pH. 3.0 (using a pH meter).
Temperature of mixing. lO^ C.
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Time of setting. Over the weekend a fairly clear hard gel 
was formed.
(vi). Gel sWl2.
45 gm. sodium silicate in 120 ml. solution was added to a 
mixture of 6.8 gm. sodium acetate and approximately 46 ml. 
concentrated hydrochloric acid,,the total volume of the sol 
being made up to 250 ml. 
pH. 2.75 (using pH meter).
Temperature of mixing. 10°C.
Time of setting. Over the weekend a slightly cloudy hard 
gel was formed.
Isothermals.
Water isothermals were determined on these gels, (Figs.III. 
21 - 26 ).
Section (Y )
In this section an attempt was made to prepare a gel using 
a preparation intermediate between those of gel sWl and gel 
sW2, as these gels have such varied adsorptive properties,
(i). Gel sWa.
27.8 gm. sodium silicate in 60 ml. solution was added to 
15 ml. glacial acetic acid in 50 ml. solution. 
pH. 6.7
Time of gelation. An immediate white precipitate was 
obtained.
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(11). Gel s¥b.
27.8 gm. sodium slllcale In 60 ml. solution was added to 
10 ml. glacial acetic acid In 25 ml. solution.
10 + .
Time of gelation. An Immediate white precipitate was 
obtained on the addition of the acid solution to the 
vigorously stirred alkaline solution.
Isothermals.
Water isothermals were determined on these gels and In
Pig. III. (14) are plotted together with the curve for gel sWl
These gels all adsorb most of the water at high pressures
and are^unsatisfactory for further Investigations.
(e). Plank and Drake define a quantity 'pc* as:
the total weight of oxide (or oxides) ^ 
the total volume of sol.
The following table gives a summary of this value, 
and other data relating to gel preparation.
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Table II.2. 
Section (l).
Gel.
sfPl
sfP2
pc..
3.8
4.3
Moles. 810_ 
per litre gel
0.54
0.54
sfP3 6.3 0.54
Section (II).
sfH 5.6 0.94
Section (III). f
sWl precipitate * —
sW2 5.7 0.95
sW3 2.85 0.48
sW4 5.7 0.95
sfW5 6.1 0.95
sl6 3.6 0.50
Section (IV).
sW7 6.2 1.04
sW8 3.1 0.52
sW9 0.29 0.05
sWlO 2.3 0.39
sWll 3.1 D.52
sW12 5.0 0.84
Section (V).
sWa - -
sWb ■ ^
pH.
7(approx.) 
7(approx.) 
8(approx.)
7(approx.)
10+
acid
acid
acid
acid
7(approx. )
3.0
4.0
6.0 
3.5 
3.0 
2.75
6.7 
10 .0 +
Time of gelation. 
0-1 mln.
0-1 mln.
0-1 mln.
sludge.
2 hour, 
weekend.
4 hours.
4 hours.
0-1 mln.
overnight.
overnight.
weekend.
weekend.
weekend.
weekend.
precipitate
precipitate
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(2) Initial Purification of the Sorbates.
(a) Water. Laboratory distilled water was used. i
(b ) Ethyl alcohol. Absolutely dry alcohol was prepared 
.(51) by refluxlng 99^ ethyl alcohol with sodium and ethyl 
phthalate for 1 hour. The dry ethyl alcohol was then distilled 
over and the fraction boiling at 78.0 - 78.2^0 was collected.
(c) Acetic Acid. M and B glacial acetic acid ( assay 
not less than 99^ CH^COOH ) was used.
Freezing point of sample used. 16.3^0#
■■
JJ
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B. Experimental Technique.
1. General Remarks.
Hi^ vacuum conditions were used throughout this
work.
The results of these investigations are expressed 
as adsorption isothermals. To obtain these curves two 
quantities were required <
(i) the weight of sorbate associated with one gram of 
sorbent \
(ii) the pressure exerted by the sorbate over the sorbent. 
The former was obtained chiefly by direct weighing, but at 
high pressures the ’pressure change’ technique was 
sometimes used, (described later). '' 
However, the latter was not often used in view of the very 
small ’dead space’ in the apparatus.
The pressure was measured by means of a small-bore 
mercury manometer, the difference in height of the levels of 
mercury being measured by a cathetometer.
2. Description of the Apparatus.
Figure II.1 is a diagrammatic sketch of the 
apparatus used.
’A’ was the container for the sorbent fitted with a 
ground tap leading to a side-aim. The side-arm ended with a 
ground glass cone which fitted into sockets 
(a) on the manometer M, to form the point
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(b ) on the end of the apparatus used for the initial 
activation, to form the joint J^ .
The taps T^  T^  and T^  enabled both limbs of the 
manometer to be evacuated.
A cone and socket joint attached the manometer
to the rest of the apparatus.
The container tap and taps T^  T^  and T^  were of the 
mercury seal type and the container and manometer were 
immersed in a thermostat up to the level of the cups. The 
thermostat was electrically controlled and- the temperature 
was maintained at 25*00^0 + 0.05^C.
The manometer was illuminated from behind by a 40 
watt electric bulb which was partly immersed in the water.
To avoid reflection effects on the surface of the mercury 
level during a reading, a small black plate controlled by a 
long piece of cord and two small pulleys, was placed behind 
the manometer and adjusted so that the top of the meniscus 
was just illuminated.
B and B_ were small bulbs of about 2 ml.1 , 2  j
capacity attached to the apparatus by means of cone and 
socket joints.
The evacuating system consisted of a Tower’s unit, 
comprising two liquid air-traps, an air leak, a mercury 
diffusion pump, a phosphorus pentoxide container and finally
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a rotary oil-pump.
A smaller liquid air trap, was inserted between 
the apparatus and the Tower’s unit. The trap was detachable 
and was immersed in liquid air to condense vapours before 
they reached the pumping system.
The furnace H, used for the preliminary ’activation’ 
of the sorbent was made by embedding an electric heating coil 
of ni chrome wire between hollow tubular layers of asbestos. 
The whole was lagged with asbestos wool and packed into a 
metal container (504« The temperature of the furnace was 
controlled by means of a ’variac’ transformer.
The container tap and taps T^  T^  and T- wereJ., 2 y
greased with Edward’s High Vacuum Grease (hard grade) while 
the other taps and the uir—leak tap were lubricated with
Apiezon Grease J)J.l |other joints in the apparatus were
i\
waxed with Everett’s wax ( HoJ.. Hard }.
3• Determination of the Isothemal.
(a) Activation of Sorbent.
Approximately 1 gram of sorbent was used in each 
experiment. The sample was evacuated at 150 C for several 
hours, ( usually about eight hours ) in order to remove all
volatile adsorbed substances. The bulb and stem, of the
container were completely enclosed by the furnace during 
this evacuation, the mouth of the furnace being closed by 
a lid, throu^ which a hole the size of the container bulb
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had been bored. All activation temperatures quoted are 
subject to an error of + 3^ G as there were fluctuations in 
the current supply to the furnace.
(b ) Determination of the wei^t of ’activated’ sorbent. 
Four weighings were necessary to obtain the 
following quantities-
(i) weight of empty container.
(ii) weight of container plus unactivated gel.
(iii) weight og container and unactivated gel after
greasing tap.
(iv) weight after activation.
The difference between (i) and (ii) gave the weight of 
unactivated gel ; between (iii) and (iv) gave the loss in 
weight on activation. The latter amount was substracted 
from the weight of unactivated sorbent to give the weight 
of ’activated’ gel. Before each weighing the container 
was carefully wiped with ether to remove the wax.
(c) Final Purification of Sorbent.
The sorbent was placed directly in the small bulb 
Bg and was frozen out by means of liquid air contained in a 
Dewar flask. The tap Ty was opened up to the pumps. The 
tap was then closed and the bulb was allowed to warm up to 
room temperature and hence any dissolved gases were evolved. 
The bulb was then frozen out again and opened up to the
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I
pumps#' This process was repeated three or four times to 
ensure that every trace of dissolved gas had been removed.'
The sorbate was then distilled into the bulb by 
placing liquid air around bulb B^~, turning off tap Tg, (i.e. 
to turn off the system of bulbs ffom the pumps) and opening 
taps T,^ and Tg. Finally the process of freezing out was 
repeated once or twice in bulb B^ .
(d) Saturation of Sorbent.
The furnace was removed and the weighed container 
and activated sorbent was cooled by surrounding the 
container with cotton wool moistened with ether, and opened 
to the pure liquid sorbate. When the gel became moist and 
adhered to the wall of the container, indicating that it 
was saturated with sorbate, the container tap was closed 
and the container was transferred to the manometer. ^
(e) The Desorution Isothermal.
After evacuation,tap T^  was closed in the manometric 
system and the container tap was opened up. Tap T^  was left 
open to the pumps. As the gel was saturated the pressure 
indicated by the manometer was the saturation pressure of 
the pure sorbate.
The container tap was then closed and tap T^  opened 
for a short while to evacuate the limb of the manometer.
The container tap was opened again and the pressure was
11.19.
«1
noted. This process was repeated until the pressure fell 
just below the saturation pressure,when the pressure was 
noted and the container was shut, removed and weighed. 
’Pressure chan^ Re’ technique.
Successive pressure readings were then taken, the 
vapour in the ’dead space* being pumped off between each - 
reading. This process could only be carried out for a few 
readings as the volume of the ’dead space’ was very small.
The container was reweighed and the mass of vapour removed 
each time was calculated thuss If A q mg. of vapour per gram 
of sorbent are removed between the two weighings and 
is the summation of the pressure readings between these two 
points, then Û q.p mg. of vapour per gram of sorbent is
Zp
removed per reading where p is the pressure recorded by the 
manometer.
The error due to the slight variation of the volume 
of the ’dead space’ with pressure is negligible.
The remaining points were obtained by opening the 
container direct to the pumps for intervals ranging from a 
few seconds to minutes, according to the pressure required, 
and then determining the amount of vapour adsorbed by 
direct weighing.
Before each pressure reading was taken the system
11.20.
was allowed to reach equilibrium and this was attained 
after about half an hour.
(f) The Adsorption Isothermal.
The ’open’ limb of the manometer was filled with 
vapour from the bulb (i.e. tap T^  was shut after
evacuation and taps T^, T^ , were opened) and the container 
tap opened. The m.anometer was shut off from the freezing 
bulb, (tap T^ ), after the required amount of vapour had been 
adsorbed on the sorbent. This was indicated by the pressure* 
Tap T^  was reopened up to the pumps and the system was then 
left for an hour or more to come to equilibrium.
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C. Measurements of Density Relative to Mercury.
The apparatus is shown diagrammatically in Fig.II. 2 
Before any analysis of the gel was attempted a sample 
(about 2.5 gm.) was placed in the special container C, 
and evacuated for several hours at 150°C. The container 
tap was then closed and the container was weighed. Next 
a small quantity of the * activated* gel was tipped out into 
the container D^ in this case. The container C was 
re-evacuated at 150^ 0 and finally reweighed. Hence by 
substraction of the two weighings, the mass of ’activated* 
gel tipped out was determined.
For density measurements, first the container D 
was filled with mercury by evacuating the container and add­
ing mercury through a funnel, until the level of the mercury 
was slightly above the tap. The container was then 
transferred to a thermostat at 25^ C and when the mercury 
level was steady the tap was closed and all mercury in the 
capillary tube 2 was shaken out. The container was then 
weighed. Next the mercury was tipped out and care was taken 
not to remove any wax from the joint J when the ’activated* 
gel was tipped into the lower part 1. The joint J was 
remade (without additional wax) and the container was filled 
up with mercury and weighed as previously described. The 
calculation of the density was as follows
11.22.
l^ (Hg) ~ (^ 2 - x) weight of mercury displaced.
X weight of ’activated* gel.
where x = weight of ’activated* gel
0^  = weight of container full of mercury
Cg = weight of container + gel + mercury.
11.23.
D. Gel Composition.
1. Water Content.
A known weight of ’activated* gel was tipped out 
into a weighed platinum crucible and heated to constant 
weight over a Mekker burner.
2. Ferric Oxide Content.
A known weight of * activated * gel was tipped out 
into a conical flask and the iron was extracted with dilute 
sulphuric acid. Zinc (granulated) was added to reduce 
Fe to Fe and a small funnel was fitted on the flask 
to prevent loss of liquid by the strong evolution of 
hydrogen. When all the ferric ions had been reduced to 
the ferrous state the contents of the flask were filtered 
through glass wool, the flask being well washed out^and the 
ferrous ion was titrated against a potassium permanganate 
solution of known strength. The results were calculated 
as percentage Fe^ O^ .
11.24.
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2. The Adsorption of Water-repelXents on various sorbent».
(a) Water-repellent Films from OrF.ano-silicon Materials.
Methylchlorosilane vapour reacts rapidly with 
hydroxyl groups or adsorbed water on a surface to deposit a 
very thin film of methyl polysiloxane, thereby changing the 
contact angle of that surface to liquid water. The organo- 
silicon film deposited by the reaction must be orientated 
with its oxygen bonds directed towards the surface and its 
methyl groups extending outwards, and it is this orientated 
layer of methyl groups bound to the underlying siloxane 
network that is responsible for the high contact angle to 
liquid water. The water-repellent effect is therefore 
similar in cause and extent to that shown by the hydrocarbon 
surface of paraffin wax.
From a model of a (CH^  )2SiO-unit, (52), constructed 
to scale :
(i) the methyl groups are 3A apart.
(ii) distance between chains is approximately 4A.
(iii) area of a single (011^ )2^ 10 unit is
2approximately 21A •
Thus from Avogadro’s number, one mole of dimethyldichloro- 
silane should yield a monomoleoular film
6.023. 10^^. 21.10“^^ cm^
9 2=s 1.26. 10 cm in area.
11.25.
From measurements made on steatite cylinders (52) confirmation 
was obtained that the methylchloro-silane reacts molecule 
for molecule with the water film: the entire water film is 
therefore replaced by one of methyl silicone.
Tn the following work attempts were made to form 
such a layer in the pores of silica gels by allowing 
dimethyldichlorosilane to react with silica gels containing 
adsorbed water. Information as to the alteration of the 
pore structure was obtained from water isothermals, (and in 
some cases ethyl alcohol,) of the treated gels. In one case, 
a particular sample of gel was treated several times in the 
hope of building up several layers of silicone and thus 
blocking some of the pores with the possibility of altering 
the shape of the isothermal.
(b) Water-repellants.
Except for two cases, the commercial water-repellent 
known as ’teddol* was used. This consists chiefly of 
dimethyldichlorosilane but contains also lesser amounts of 
other methylchlorosilanes and silicon tetrachloride. One of 
the other water-repellents used was also a commercial 
product but was an unreactive highly viscous silicone fluid. 
Silicon tetrachloride was used in the other case.
(0) General Experimental Technique.
The procedure of * teddol* treatment for each gel will 
be given later as it varies slightly in some cases# However,
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in general, a weighed evacuated and * activated* sample of 
gel, (in most cases in the usual container) was opened up to 
water vapour until a certain pressure was reached which was 
noted. The teddol was placed in one of the bulbs, frozen 
out several times in vacuo and finally the vapour was allowed 
to contact the gel in the container. In some cases a little 
of the *teddol* liquid was distilled over on to the gel. It 
was then left for an hour or two, or overnight,to allow the 
reaction to reach completion; in a few cases the container 
was heated slowly to 60^ C and finally to 120 0^ to speed up 
the reaction. Finally the gel was evacuated at 120^0 for 
one hour and then at 150^0 for four or five hours. A water 
isothermal was then determined as usual.
In the case where a solution a *teddol* in carbon 
tetrachloride was used, vacuum conditions were not used. A 
sample of gel (unactivated) was refluxed with the solution 
for about an hour. The gel was then dried.
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p. PATTY ACID ADSORPTION.
(a) General Remarks.
Work has been done by several investigators on 
fatty, acid adsorption from various solvents onto various 
finely divided metallic catalysts, e.g. nickel, platinum, 
and on pigments such as zinc oxides. Smith and Puzek (53) 
concluded that acid is adsorbed on metal in an ariented 
unimolecular layer and that the true specific surface of 
the catalyst could therefore be calculated from known cross- 
section of fatty acid molecules. The adsorption of such a 
layer on silica gels is attempted in this work. Oriented 
a_cid molecules with the acid group adsorbed onto the gel 
surface and the carbon chain sticking out would form a 
water-repellent layer and therefore the effects of the 
adsorbed fatty acid on the adsorptive properties of gel D 
is studied.
(b) Experimental Technique.
The apparatus used was as in diagram II.5. It was 
similar to that used by Smith and Puzek. A known weight of 
activated gel D was placed in the container and re-evacuated 
at 150^0 for three or four hours. Next tap T^  was shut 
and 50 ml. of the fatty acid solution was placed in the 
funnel and added through the stop-cock without any air 
being allowed to contact the gel. The container was then 
removed, tightly stoppered and placed on a mechanical
11.28.
shaker for 24 hours. The solution was made up by dissolving 
a known weight of fatty acid in benzene and making up to 
100 ml. at 25^ 0. 5 ml. portions of this solution was
titrated against standard sodium hydroxide solution, ethyl 
alcohol being added to render the constituent liquids 
miscible. After shaking, the container was placed in a 
thermostat at 25^ 0 and further 5 ml. portions were titrated# 
Thus the amount of fatty acid adsorbed per gm. of gel could 
be calculated. Finally the liquid was drained off the gel 
which was dried in an air-oven at 80^ 0. Various isothermals 
were then determined on the treated gel.
.SECTION III. RESULTS. 
k. General Remarks
The individual experiments are described in the 
following pages. Isothermals are plotted in which all the 
experimental points are shown and a table of results 
(abbreviated in some cases) is given for each system.
The isothermals for each of the five sections of 
sorbents are grouped together in order to facilitate 
comparison. Similarly, the sorbents treated with water- 
repellents and fatty acids are divided into separate groups, 
the isothermals for each treated gel system being placed 
together.
Pressures, in millimetres of mercury at the 
temperature of the experiment,are plotted against the 
quantity adsorbed, in milligrams per gram of sorbent for the 
silica gels, per gram of silica, for the mixed silica 
ferric-oxide gels and their extracted gels, and per gram of 
treated gel for some of the 'water-repellent* gels. Each 
isothermal was determined at 25^ 0 and each sorbent was 
activated at 150^ 0.
Points were determined in the order given by the 
numbers in each table. This facilitates matters in following 
the order of points during the scanning of hysteresis loops.
An *a* beside the pressure value indicates an adsorption point.
Except for isothermals which are scanned, the runs
III. 2.
were not repeated to check the reproducibility of the results, 
as primarily, only the type of isothermal and the variation 
with the method of sorbent preparation, or treatment of 
sorbent, was required. In the cases where loops were scanned, 
however, the desorption isothermal was repeated, points 
obtained in different runs being distinguished from each other 
in the isothermals.
For each isothermal plotted the experimental number 
is quoted, and thus in cases where several isothermals are 
plotted on the same graph to facilitate comparison, reference 
can easily be made to the tabulated results for each curve.
III. 3.
B. Silioa-ferric oxide gels and the extracted silica gels. P. 
Experiment 1. Gel sfPl - Ethyl alcohol.
Weight of activated sorbent0.8253 gm.
The gel was saturated with ethyl alcohol and twelve 
desorption points were determined.
E* a_.mg. per gm. S10„. E q.mg. per gm
1. 40.12 564.0
d
7. 31.70 405.6
2. 38.51 559.6 8. 30.51 364.0
3. 36.85 555.5 9. 27.77 319.0
4. 36.50 552.0 10. 25.70 299.5
5. 35.00 495.6 11. 18.55 258.6
6. 33.34 431.8 12. 9.75 225.2
The isothermal is plotted in Pig. III. 1.
Experiment 2. Gel sPl - Ethyl alcohol.
Weight of activated sorbent 1.4315 gm.
The gel was saturated with ethyl alcohol and sixteen 
desorption, points were determined, the first nine by the 
'pressure change' technique.
£ q.mg. per gm. 810 E q.mg. per gm
1. 56.00 621.9
2
9. 39.80 593.5-.
2. 52.20 618.7 10. 38.20 567.0
3. 48.75 615.9 11. 36.55 447.6
4. 46.95 612.5 12. 33.76 345.7
5. 44.70 609.9 13. 26.40 261.3
6. 43.35 607.4 14. 16.60 219.2
7. 41.90 604.7 15. 6.95 187.7
8. 40.65 602.1 16. 3.55 .171.9
- - - III• 4•
The isothermal is plotted in Pig. III. 2.
Experiment 3. Gel sfP2 - Ethyl alcohol.
Weight of activated sorbent 0.7955 gm.
The gel was saturated with ethyl alcohol and sixteen 
desorption points were determined, the first seven by the 
p^ressure change* technique.
£ per an. 8iCU. 2. q.mg. per sm. SiO
1. 58.70 528.1.
d
9. 31.15 415.0
2. 53.20 517.5 10. 30.50 388.0
3. 46.95 508.1 11. 28.30 372.2
4. 42.20 499.7 12. 19.50 274.7
5. 38.90 492.2 13. 12.50 233.7
6. 36.90 485.5 14. 4.65 204.0
7. 36.00 482.9 15. 2.55 190.9
8. 32.05 437.9 16. 1.35 181.1
The isothermal is plotted in Fig. III. 3.
Experiment 4. Gel sP2 - Ethyl alcohol.
Weight of activated sorbent 0.9809 gm.
The gel was saturated with ethyl alcohol and 
sixteen desorption points were determined, the first nine 
by the *pressure change* technique.
III. 5.
, £ q.mg. per gm. SiOo- £ q.mg. per gm
1. 57.50 643.9 9. 39.55 615.4
2. 52.45 639.1 10. 36.75 526.3
3. 49.90 634.9 11. 35.00 446.4
4. 48,00 631.1 12. 29.60 309.6
5. 46.10 627.1 13. 22.55 257.6
6 • 44.45 624.4 14. 15.80 232.7
7. 41.60 621.1 15. 8.09 208 .4
8. 40.20 617.9 16. 1.01 143.7
The Isothermal Is plotted In Fig. III. 4.
Experiment 5. Gel sfP3 - Ethyl alcohol.
Weight of activated sorbent 0.9410 gm.
The gel was saturated with ethyl alcohol and eleven
desorption points were determined. The gel was then
resaturated and eleven further desorption points were
determined, (four by the’pressure change* technique), followed 
by one adsorption point to estimate the size of the loop.
There was a very slight shift of the second isothermal
away from the pressure axis, due to the initial * settling
down* period of the gel, therefore the table of results is
given only for the second isothermal.
' " ' '' ' III.6.
£ g.mg. per 810^• £ q.mg. per gm. 810^
1. 57.45 353.7 7. 27.35 307.8
2. 44.80 349.6 8. 22.75 278.4
3. 37.45 346.1 9. 8.65 218.6
4. 32.90 343.1 10. 2.65 191.3
5. 30.05 340.1 11. 0.60 163.5
6. 29.10 326.3 12.aJl.OO 330.2
The isothemal is plotted in Pig. III. 5*
Experiment 6. Gel sP3 - Ethyl alcohol.
Weight of activated sorbent 0.8475 gm.
The gel was saturated with ethyl alcohol and fifteen 
desorption points were determined, the first seven by the 
'pressure change * technique.
£ a.mg.per gm...SiO_. £ per gm.
1. 46.75 409.7
2
9. 29.45 339.2
2. 42.15 406.4 10. 27.20 311.9
3. 38.45 403.3 11. 22.05 276.1
4. 35.55 400.5 12. 15.90 247.2
5. 33.30 397.8 13. 8.20 217.6
6. 31.50 395.4 14. 2.50 182.2
7. 31.15 392.9 15. 0.55 146.3
8. 30.55 363.5
The Isothermal is plotted in Fig.III. 6.
III. 7.
Experiment 7. Gel sfP3 - Water.
Weight of activated sorbent 0.9455 gm.
The gel was saturated with water and thirteen 
desorption points were determined ; all by direct weighing.
£ a.mg. per gm. 810_. E q.mg. per gm
1. 15.25 490.3
----2
8. 7.38 306.8
2. 14.15 482.9 9. 6.60 267.0
3. 12.75 478.0 10. 4.90 231.1
4. 10.65 464.4 11. 3.15 194.6
5. 8.65 437.3 12. 1.40 152.2
5. 8.25 387.7 13. 0.70 132.3
7. 7.70 346.2
The isothermal is plotted in Pig. III. 7.
Experiment 8. Gel sP3 - Water.
Weight of activated sorbent 0.3548 gm.
A fresh sample of gel was extracted from the 
corresponding silica-ferric-oxide gel, sfP3. This gel was 
saturated with water and ten desorption points were determined.
'£ q.mg. per gm. SiO„. P q.mg. per gi
1. 16.85 467.4
2
6. 9.05 190.4
2. 13.00 424.9 7. 7.15. 143.6
3. 11.90 378.8 8. 3.65 99.1
4. 11.00 295.3 9. 1.40 66.7
5. 10.40 241.6 10. 0.60 49.4
The isothermal is plotted in Fig. III. 8.
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\C. Silica-ferric oxide gels and the extracted * chalky * 
silica #els, H.
Experiment 9. Gel sfHl - Ethyl alcohol.
Weight of activated sorbent 0.8779 gm.
The gel was saturated with ethyl alcohol and 
fourteen desorption points weia determined, the first six 
by the ’pressure change’ technique. Four adsorption points 
were then determined to investigate the hysteresis loop and 
locate the point of hysteresis inception.
E q.mg. per gm. SiO.. £ q.mg._ per ,
1. 58.00 599.0
d
9. 19.60 146.5
2. 55.60 551.0 10. 7.85 127.8
3. 54.30 529.4 11. 2.40 115.9
4. 52.10 486.2 12. 1.25 109.3
5. 49.20 434.5 13a. 21.70 148.7
6. 45.80 371.5 14a. 27.15 162.9
7. 40.10 269.8 15a. 39.00 226.9
8. 34.70 209.1 I6a. 50.40 422.7
The Isothermal is plotted in Fig. III. 9.
Experiment 10. Gel sfH2 - Ethyl alcohol.
Weight of activated sorbent 0.4788 gm.
The gel was saturated with ethyl alcohol and ten
desorption points were determined, the first five by
’pressure change* technique.
III. 9.
£ q.mg. per gm. SiOu. £ q.m^ . per m. SiO .^
1. 57.75 805.3 6. 48.75 411.3
2. 57.00 740.6 7. 42.05 238.7
3. 55.80 678.1 8. 24.45 141.1
4. 54.65 619.1 9. 7.10 116.7
5. 52.85 561.4 10. 1.95 98.2
The isothermal is plotted in Fig. III. 10.
Experiment 11. Gel sfH3 - Ethyl alcohol*
Weight of activated sorbent 0.7575 gm.
The gel was saturated with ethyl alcohol and nine 
desorption points were determined, the first three by 
‘pressure change* technique.
£ q.mg. per gm. SiO„. £ q.mg. per m* I
1. 56.25 531.0
--- ^
6. 39.10 276.1
2. 52.80 510.9 ' , 7. 28.05 201.2
3. 52.00 491.0 8. 11.50 ' 154.2
4. 49.65, 441.5 9. 2.40 129.4
5. 44.45 338.9 t
The isothemal is plotted in Fig. III. 11.
Experiment 12 (i) Gel sHl - Ethyl alcohol.
(ii) Gel sH2 - Ethyl alcohol. ■
(ill) Gel sH3 - Ethyl alcohol.
These isothermals are all essentially similar in
shape and only the results for gel sH2 will be quoted 
Weight of activated sorbent 0.8637 gm.
III. 10.
The gel (sH2) was saturated with ethyl alcohol and 
seven desorption points were determined, the first three by 
the ’pressure change * technique.
£ q. mg. per gm« SiO^ £ a. m^. per gm. SiO^.
1. 57.80 1340 5. 36.85 259.8
2. 57.65 1238 6. 8.60 166.2
3. 54.90 1020 7. 0.85 123.0
4. 51.05 632.6
The isothermal is plotted in Fig. III. 12, with the 
curves for gels sHl and 3. The actual saturation values 
can only be approximated since as the curves approach the 
saturation pressure they bend slightly away from the pressure 
axis. All the curves have linear regions in the high pressure 
range 46-54 mm., and projections from these regions are used 
to determine approximate saturation values.
-T3
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D. Silica Gels W.
/
Experiment 13* Gel sWl - Ethyl alcohol.
Weight of activated sorbent 0.5692 gm.
The gel was saturated with ethyl alcohol and twelve 
desorption points were determined.
E q.m&. per gm.
57.05
q. m^ . per
1. 58.65 2350 7. 209.2
2. 58.40 1373 8. 32.45 193.2
3. 58.00 786.0 9. 20.80 161.2
4. 57.41 580.0 10. 10.85 147.0
5. 57.00 464.3 11. 3.95 135.5
6. 47.90 263.7 12. 1.20 132.0
The isothermal is plotted in Pig. III. 13* The curve 
is of an unusual type and has not been reported before for a 
silica gel - ethyl alcohol system.
Experiment 14. Gel sWl - Water.
Weight of activated sorbent 0.6591 gm.
The gel was saturated with water and eleven desorption 
points were determined.
E q. mg. per gm. £ q. mg. per pm.
1. 23.45 . , 2029 7. 11.30 187.4
2. 23.00 1670 8. 9.05 169.8
3. 22.80 1131 9. 5.55 135.3
4. 22.35 663.7 10. 2.44 112.4
5. 21.20 360.0 11. 1.25 96.3
6. 16.40 237.0
III. 12.
The isothermal is plotted in Pig. III. 14. The curve 
is exactly similar in shape to the ethyl alcohol isothermal. 
Experiment 15* Gel sW2 - Ethyl alcohol.
Weight of activated sorbent 0.7611 gm. '
The gel was saturated with ethyl alcohol and sixteen 
desorption points were determined, the first six by the 
'pressure change' technique. An adsorption point was next 
determined to investigate the size of the loop.
£ q_., mg,_ per gm• E q. m«. per am.
1. 56.40 379.0 8. 27.85 342.5
2. 46.80 374.6 9. 25.10 329.1
3. 41.70 370.7 10. 16.60 283.6
4. 34.00 364.0 11. 7.48 234.7
5. 31.45 361.2 12. 4.10 217.4
6. 30.55 357.7 13a. 29.95 349.3
7. 28.80 348.7
The isothermal is plotted in Pig, III. 15. toge
with the curve given by Poster's Gel SiOgB. The two are 
identical in shape but gel sW2 has a larger saturation volume. 
Experiment 16. Gel sW2 - Water.
Weight of activated sorbent 1.7621 gm.
The gel was saturated with water and fifteen desorption 
points were determined.
III. 13.
£ a..__nig. per m - £ q. rn.fi:, per
1. 20.71 458.2 7. 8.70 316.6
2. 17.43 435.0 a. 7.86 254.0
3. 13.86 409.0 9. 6.89 215.5
4. 11.50 389.5 10. 4.90 162.4
5. 9.95 372.4 11. 2.10 86.8
6. 8.92 339.0 12. 1.01 53.4
The isothermal is plotted in Pig. III. 16, together 
with curves given by gels sW3 and sW4, (17 and 18). 
Experiment 17. Gel sW3 - Water.
Weight of activated sorbent 0.9451 gm.
The gel was saturated with water and ten desorption 
points were determined.
E q. mg. per Am. £ q. mg. per m »
1. 23.59 449.0 6. 9.28 332.5
2. 20.26 424.2 7. 8.45 315.8
3. 18.54 412.8 8. 7.88 280.2
4. 12.75 373.5 9. 6.10 214.7
5. 10.23 348.0 10. 2.59 113.0
The isothermal is plotted in Pig. III. 17. 
Experiment 18. Gel sW4 - Water.
Weight of activated sorbent 1.2378 gm.
The gel was saturated with water and twelve 
desorption points were determined.
III.14.
£ q. mg. per gm. q. mg. per
1. 22.93 515.3 6. 8.75 330.0
2. 18.44 484.3 7. 8.44 295.0
3. 14.31 448.4 8. 6.81 203.1
4. 11.19 401.5 9. 4.02 128.8
5. 9.54 376.4 10. 1.63 70.8
The isothermal is plotted in Pig.III. 18.
Experiment 19» Gel sfW5 - Water.
Weight of activated gel 1.0116 gm.
The gel was saturated with water and eleven
desorption points were determined.
£ q. mg. per gm. £ q. m^ . per mu.
1. 21.27 443.0 6. 8.44 294.3
2. 16.96 419.3 7. 7.85 249.0
5. 13.06 389.0 8. 5.45 178.1
4. 10.85 363.5 9. 3.51 129.6
5. 9.25 334.8
The isothermal is plotted in Pig. III. 19> together 
with the isothermal given by gel sW4 (Experiment 18). 
Experiment 20. Gel sW6 - Water.
Weight of activated sorbent 0.6248 gm.
The gel was saturated with water and eight 
desorption points were determined.
III.15.
E pey gm, £ q. per gm.
1. 22.15 745.5 5. 15.75 367.6
2. 17.94 706.3 6. 13.50 211.0
3. 16.65 652.0 7. 7.60 105.6
4. 16.50 582.3 8. 1.72 54.6
The isothermal is plotted in Pig. III.20, together 
with that given by gel sW4> (Experiment 18).
Experiment 21. Gel sW7 - Water.
Weight of activated sorbent 0.7228 gm.
The gel was saturated with water and thirteen
desorption points were 
p q. mg. per
determined, 
gm. P q. mg. per gm.
1. 23.07 492.2 6. 8.48 325.5
2. 17.63 457.0 7. 8.01 278.0
3. 13.98 425.3 8. 6.80 235.0
4. 11.08 386.5 9. 2.91 117.9
5. 9.30 360.0 10. 1.10 65.6
The isothermal is plotted in Pig. III. 21.
Experiment 22. Gel sW8 - Water.
Weight of activated sorbent 0.5421 gm.
The gel was saturated with water and ten desorption 
points were determined.
III.16.
E niR* per Am. £ q . m^ . per pm.
!• 22.70 523.0 6. 8.60 331.4
2. 19.10 500.2 7. 8.25 286.2
3. 13.90 442.7 8. 6.85 212.0
4. 10.80 400.5 9. 3.30 117.0
5. 9.30 367.4 10. 1.35 72.7
The isothermal is plotted in Fig. III. 22, together 
with the isothermal determined in the previous experiment 
(21). The two curves are very similar, though gel sW7 has a 
smaller variation in the size of the pores.
Experiment 23. Gel sW9 - Water.
Weight of activated, sorbent 0.0733 gm.
The gel was saturated with water and eight desorption 
points were determined.
£ q. mg. per m* £ Q» mg. per gm^
1. 16.95 659.0 5. 11.05 296.1
2. 14.45 618.0 6. 8.55 182.8
3. 12.90 529.2 7. 3.80 112.0
4. 12.05 412.0 8. 0.80 40.9
The isothermal is plotted in Pig. III. 23.
Experiment 24. Gel sWlO - Water.
Weight of activated sorbent 1.0570 gm.
The gel was saturated with water and ten desorption
points were determined.
III.17.
E g.-* mg. per Am. £ q. mg. per m.
1. 20.45 ' 450.2 6. 7.75 288.3
2. 15.90 418.6 7. 6.90 229.2
3. 11.55 381.2 8. 5.65 191.0
4. 8.85 348.2 9. 4.10 145.0
5. 7.95 315.4 10. 1.35 72.1
The isothermal is plotted in Pig. III. 24. 
Experiment 25. Gel sWll - Water.
Weight of activated sorbent 0.8740 gm.
The gel was saturated with water and twelve 
desorption points were determined.
a q_?. mg. per gm. a q. mg. per
1. 21.20 453.5 7. 7.25 246.5
2. 18.55 436.7 8. 5.85 204.4
3. 15.20 410.0 9. 4.20 159.0
4. 11.70 371.7 10. 2.00 98.4
5. 9.10, 339.6 11. 0.90 ' 56.2
6. 7.95 303.8
The isothermal is plotted in Pig. III. 25, together 
with the curve determined in the previous experiment, (24). 
The two curves are almost identical, with approximately the 
same saturation and z values.
Experiment 26. Gel sW12 - Water.
Weight of activated sorbent 1.0530 gm.
The gel was saturated with water and thirteen 
desorption points were determined.
III.18.
a q. mg. per gm. a q. mg. per
1. 22.70 440.5 8. 7.20 255.2
2. 17.20 417.8 9. ' 6.75 231.5
3. 14.35 398.1 10. 5.70 191.1
4. 11.50 373.7 11. ' 4.35 154.0
5. 9.15 346.0 12. 2.60 100.4
6. 8.00 317.0 13. 0.90 61.3
7. 7.35 295.9
The isothermal is plotted in Pig. III. 26. 
Experiment 27* Gel sW12 - Ethyl alcohol.
Weight of activated sorbent 0.7275 gm.
The gel was saturated with ethyl alcohol and twelve 
desorption points were determined, the first six by the 
'pressure change' technique.
a* q. mg. per pp. a q. mg. per
1. 57.00 327.4 7. 28.45 301.0
2. 48.00 323.5 8. 25.05 290.4
3. 42.05 320.1 9. 18.95 266.0
4. 37.50 317.1 10. 12.00 235.5
5. 33.95 314.3 11. 6.10 207.6
6. 31.30 311.7 12. 0.75 152.2
The isothermal is plotted in Pig. III. 27* 
Experiment 28. Gel sWa - Water.
Weight of activated sorbent 0.7525 gm.
The gel was saturated with water and ten desorption 
points were determined.
III.19.
a g. mg. per am. £ q. mg. per gm.
1. 17.90 459.3 6. 12.95 182.0
2. 15.05 388.0 7. 10.95 138.8
3. 15.00 317.2 8. 8.65 112.5
4. 14.60 276.3 9. 4.40 72.2
5. 13.95 230.8 10. 1.00 34.4
The isothermal is plotted in Pig. III. 28., together 
with the curve given by gel sWl, (14). Both curves indicate a 
wide variation in pore structure of the gels.
Experiment 29. Gel sWb - Water.
Weight of sorbent 0.5194 gm.
The gel was saturated with water and eleven, desorption 
points were determined.
E q. ni/3:. pet gm. £ q. mg. per gm.
1. 21.90 646.7 6. 12.80 173.4
2. 19.70 516.5 7. 9.85 131.7
3. 18.45 449.0 8. 5.05 94.5
4. 17.35 365.5 9. 1.60 64.7
5. 15.60 258.2 10. 0.50 50.4
The isothermal is plotted in Pig. III. 29., 
together with the curves given by gels sWa (28) and sWl (14).
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III.20.
E. Water-repellant Treatment.
I. Gel sWI2.
Experiment 30. Gel sW12(l)*
Treatment with teddol.
The apparatus was as shown in Pig. II. 3- The gel 
was preliminarily heated in an oven at 105^ 0, then placed in 
the desiccator and evacuated for two and a half hours. Water 
was then added from bulb A until an equilibrium pressure of 
the calculated amount was obtained. Next tap T^  was shut 
off and the apparatus was evacuated. Taps T^  and T^  were 
then shut off and the water-repellent in bulb B was distilled 
on to the gel which immediately turned yellow. The apparatus 
was left for about an hour to ensure complete reaction.
Excess teddol was then pumped off.
A sample of this treated gel, denoted as gel sW12(l), 
was evacuated at 150^ 0 for five hours and a water isothermal 
was ,determined.
Gel sW12(l) Water.
Weight of activated sorbent 0.9532 gm.
The treated gel was saturated with water and eight
desorption points were determined down to a pressure of 7.8 mm. 
£ q* mg. per ct* sorbent. £ q. m^ . per m» sorberi
1. 21.60 _ 402.9 5. 11.20 ' 345.1
2.” 18.30 " 386.6 6. 9.55' ' 325.0
3. 16.10 374.4 ' 7. 8.05' 308.6
4. 13.95 363.0 8. 7.80 288.0
III. 21.
The isothermal is plotted in Pig. III. 30. At point 
8 the isothermal became nearly horizontal and a point of 
inflexion was obtained at approximately the same pressure as 
that for the untreated gel. A further treatment was therefore 
given to the gel.
Experiment 31. Gel sW12(2).
Treatment with teddol.
At a pressure of 7.8 mm. the container and gel sW12(l) 
(previous experiment) were removed and attached to the *teddol 
apparatus' at point C in Pig. II. 3. The gel was left in 
contact with teddol vapour for one hour. The container was 
heated slowly to 60^ C and then to 120^ 0 to complete the 
reaction. The gel was next evacuated at 120^ 0 for an hour 
and finally at 150^ 0 for three to four hours. A water 
isothermal was determined on this gel, denoted as sW12(2), 
end expressed in terms of mg. per gm. gel sW12(l).
Gel sW12(2) - Water.
The gel was saturated with water and twelve desorption 
points were determined.
£ q. mR. per mn. sW12(l) £ q. m^ . per gem. sW12(l
1. 19.45 326.8 7. 7.65 221.0
2. 13.70 310.3 8. 7.00 189.1
3. 10.65 296.3 9. 6.25 163.1
4. 8.45 279.6 10. 4.55 128.7
5. 8.00 257.7 11. 2.45 85.9
6. 8.00 246.4 12. 0.80 47.3
III. 22.
The Isothermal plotted in Pig. III. 31 > shows a
marked decrease in the saturation value and a much sharper
drop from this value down to the point of inflexion,' which
was slightly higher than that for the untreated gel sW12.
Thus, surprisingly, the value for the most frequently
occurring radius has been increased from 8.9A for the
untreated gel, to 9.7A for this gel which has had two
treatments. A further teddol treatment was given to this
gel as described in the next experiment.
Experiment 32. Gel sW12(3)*
Treatment with teddol.
Water vapour was left in contact with gel sW12(2)
until a pressure of 7*85 mm. mercury was obtained at 25^ C.
The container was then transferred to the 'teddol apparatus'
and,the gel was given an even further similar treatment.
After evacuation at 150^ 0, a water isothermal was“determined
•down to a pressure of 6.45 mm. and again the isothermal
was expressed in terms of mg. per gm. gel sW12(l).
Gel sW12(3) - Water.
The gel was saturated with water and ten desorption
points were determined. , ,; »
£ q. mg. p_er gmsWl2(1) £ q. mg. per @#l£(l).
1; 21:30 321.8 ' 6. 7.85 257.3
2; 18:45 314.0 ' 7. 7.55 234.0
3: 11.90 294.0 8. 7.50 218.0
4: 9.20 279.3  ^ 9., 7.10' 190.6
5.‘ 8.35 269.7 10. 6.45 I64.8
III. 23.
The isothermal is plotted in Pig. III. 32. The
treatment had only slightly displaced the isothermal towards
the pressure axis and so a still further one was given as
described below.
Experiment 33. Gel sW12(4).
Treatment with teddol.
After point 10 had been determined the gel was removed
to the 'teddol apparatus' and this time teddol was distilled
on to the gel, the container being cooled with cotton-wool
moistened with ether. The gel, saturated with water-repellent,
was left overnight and then heated to 120^ 0 as before. Pinally
the gel was evacuated at 120^ 0 for one hour and then at 150^ 0
for four'hours, as usual. A water isothermal was determined
in which the pressure was plotted against the amount of
water adsorbed in mg. per gm. sW12(l), (the gel with only
one treatment ) '
Gel sW12(4) - Water.
The gel was saturated with water and fifteen
desorption points were determined.
£ q. m^ . per m» sW12(l) £ q. mR. per Œ. sW12(l).
1. 19.30 289.0 7. 7.55 186.1
2. 14.45 , 268.8 8. 6.80 146.0
3. 12.10 259.4 9. 5.55 96.3
4. 9.20 239.4 10. 3.85 65.1
5. 8.40 223.8 11. 2.25 43.3
6. 7.90 211.6 12. 1.30 26.7
III. 24.
The isothermal is plotted in Pig. III. 33. On the 
whole (bhe shape of the isothermal has not been greatly altered 
so far, but merely shifted towards the pressure axis, although 
a large decrease in saturation value from that of the original 
gel has been obtained.
At this point, the gel was tipped out of the container 
into a specimen tube and was thus allowed to contact air.
Some of this gel was evacuated at 150^ 0 and given another 
teddol treatment as described next.
Experiment 34* Gel sW12(5),
Treatment wit teddol.
Water vapour was allowed to contact an evacuated 
sample of gel sW12(4) until a pressure of 8.30 mm. was 
reached at 25°C. The gel was then treated as for gel sW12(4) 
in the previous experiment. After re-evacuation at 150^ 0 
the gel was tipped out and a weighed sample was re-evacuated 
at 150*^ 0 and a water isothermal was determined. This time the 
amount of water adsorbed was calculated in mg. per gm. sorbent, 
and not in terms of the first treated gel.
Gel sW12(5) - Water.
Weight of activated sorbent 0.9696 gm.
The gel was saturated with water and seven 
desorption points were determined.
III. 25.
£ g. mg. per ct* sorbent £ q. m^ . per ct. sorbent.
1. 22.40 269.0 5. 9.15 219.0
2. 18.70 254.4 6. 8.30 203.0
3. 13.60 242.8 7. 8.05 193.0
4. 11.25 233.0
The isothermal is plotted in Pig. III. 34. At a 
pressure of 8.05 mm. the curve began to bend round 
horizontally and so the gel was given another treatment in 
an attempt to alter the shape of the isothermal.
Experiment 35. Gel sW12(6).
Treatment with teddol.
The gel containing 193.0 mg. per gm. sorbent, from 
the previous experiment, was treated as before. After 
re-evacuation at 150^ 0 a water isothermal was determined, 
in which the amount adsorbed was calculated in mg. per gm. 
gel sW12(5)> the sorbent in the previous experiment.
Gel sW12(6) - Water.
The gel was saturated with water and five desorption 
points were determined, down to a pressure of 8.10 mm.
£ q. mg. per gm. sW12(5) £ q. mg. per m. sW12(5).
1. 19.55 259.7 4. 10.55 234.0
2. 16.55 254.8 5. 8.10 207.5
3. 14.25 248.1
The isothermal is plotted in Pig. III. 35. The
III. 26.
curve is practically unchanged from that of gel sW12(5) -
water system. No farther treatment was given to this gel.
" 0
Gel sW12(6) - Ethyl alcohol.
A weighed sample of the gel was re-evacuated at 
150^ 0 and an ethyl alcohol isothermal was determined.
Weight of activated sorbent :- 0.6677 gm.
The gel was saturated with ethyl alcohol and sixteen 
desorption points were determined, the first six by the 
'pressure change' technique.
£ q. per gm. sorbent. £ q. mg. per gm. sorbent.
1. 57.10 229.6 9. 25.60 196.0
2. 49.75 225.4 10. 23.60 189.6
3. 43.35 221.8 11. 20.25 176.5
4. 37.50 218.7 12. 14.90 155.0
5. 32.95 ? 215.9 13. 11.50 143.0
6. 30.20 213.4 14. 7.80 132.3
7. 29.40 209.8 15. 4.45 121.0
8. 27.85 204.6 16. 1.60 108.1
The isothermal is plotted in Mg. III. 35b.,
compared with that of the untreated gel sW12. The effect of 
the treatment has been to shift the isothermal towards the 
pressure axis^ and the lower part of the curve below 16 mm. 
pressure is different in shape, but on the whole there has 
been no change in the type of isothermal by the process.
III. 27.
Experiment 36. Gel sWI2(a).
Treatment with teddol.
A more vigorous treatment was tried in this case.
The container used was as in Pig. II. 4. A sample of 
original gel sW12, was placed in this container, which 
was attached to the'teddol apparatus' at point C, Pig. II. 3. 
The gel was evacuated at 150^ 0 and then the approximate' 
amount of water was added from bulb A to complete the 
monolayer. (The pressure on the manometer, M, was about 
5 mm. at 18^ 0 ). The teddol vapour was then allowed to 
contact the gel and teddol liquid was distilled over on 
to the gel until it was saturated.‘ Next the container
was sealed off at the constriction and placed in the
«
steam oven for an,hour to complete the reaction. Pinally
the container was broken and the treated gel tipped out.
‘ oA weighed sample was evacuated at 150 C for several
hours in the usual container arid a water isothermal was
determined.
Gel sW12(a) - Water.
Weight of activated sorbent 0.8358 gm.
The gel was saturated with water and thirteen 
desorption points were determined.
III. 28.
E. q. mg. per gm. sorbent £ q. mg. per gm
1. 17.60 323.4 7. 7.75 186.2
2. 13.45 310.2 8. 7.30 158.3
3. 10.50 295.4 9. 6.15 128.4
4. 8.65 266.6 10. 3.15 79.1
5. 8.25 236.0 11. 0.75 37.9
5. 8.15 218.0
The isothermal is plotted in Pig. III. 36. This 
treatment seems to block more pores than in the other 
method. The shape and saturation value is in fact almost 
the same as that for gel sW12(2), the gel which had two 
treatments by the previous method.
Silicone Pluid Water-Repellent.
The water-repellent solution used in the next 
experiment consisted of a 3% (by weight) solution of the 
siliconé fluid in carbon tetrachloride.
Experiment 37. Gel sW12(s).
Treatment with silicone solution.
The container used was similar to that shown in 
Pig. II. 4. A sample of original gel sW12 was evacuated 
at 150^ 0 for several hours and then the constriction in 
the neck of the container was sealed off. The bulb was 
then broken under the surface of the silicone solution 
contained in a small beaker, so that the gel was saturated
III. 29.
with the water-repellent solution without contact with 
air. The solution and gel were warmed up to 65^ 0 and left 
for an hour, with occasional stirring. Pinally the solution 
was drained off the gel and the wet gel was placed in an 
oven at llO^ C for two hours. The dry gel was allowed to 
cool and then weighed out into the usual container and 
evacuated at 150^ 0. A water isothermal was determined.
Gel sW12(s) - Water.
Weight of activated sorbent0.4229 gm.
The gel was saturated with water and eleven 
desorption points were determined.
£ a. mg. per gm. sorbent. p q._mg. per gm.
1. 18.35 396.6 6. 7.25 226.8
2. 16.25 361.1 ' 7. 6.70 199.3
3. 12.95 344.0 8. 4.50 149.7
4. ■ 9.30 324.8 9. 2.05 - 90.8
5. 8.00 286.1 10. 0.60 ■ 53.2
The isothermal is plotted in Pig. III. 37. Again 
there is no great alteration lA the shape of the isothermal, 
except for a decrease in the saturation value of 52 mg. per 
gm. sorbent. ' ^
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II. Gel sP3.
Experiment 38. Gel sP3(t 
Treatment with teddol.
A weighed sample of gel sP3 was evacuated at 150^ 0 and
the weight of activated sorbent was calculated. Next water was
added until a vapour pressure of 10.45 mm. at 25°C was reached.
The container was then connected to the *teddol apparatus*
and the gel was left in contact with teddol vapour overnight;
a little of the teddol liquid was also distilled on to the gel
initially. The container was then heated to 120^ 0 and finally
the gel was evacuated at 150^ 0. The container was reweighed
and an ethyl alcohol isothermal was determined in order to '
make a comparison with previous isothermals.
Gel sP3(t)
Weight of activated untreated sorbent0.3233 gm.
The gel was saturated with ethyl alcohol and sixteen 
desorption points were determined.
P q. mg. per gm. sP3 £ q* mg. per gm. sP3
1. 48.70 335.0 7. 25.45 238.8
2. 40.30 333.2 8. 22.15 218.6
3. 31.50 322.4 9. 15.30 186.0
4.. 30.40 312.0 10. 9.30 166.4‘«
5. 29i 20 ’ 288.2 il. 3.05 138.0
6. 27.15 260.4 12. 1.25 125.6
The isothermal is plotted in Pig. III. 38
III. 31.
Experiment 39. Gel sP3(t)^.
Treatment with teddol.
A fresh sample of gel was extracted from the mixed 
silica-ferric oxide gel, sfP3* A water isothermal was 
determined on this new sample of gel sP3> down to a pressure 
of 0.6 mm. The results for this isothermal are given in 
the section dealing with the mixed gels and the extracted 
silica gels. Prom these results it is assumed that this 
sample of extracted gel does not differ greatly from the 
first batch. At the last point in the water isothermal, 
at a pressure of 0.6 mm., the amount of water adsorbed by 
the gel was 45.9 mg. per gm. sorbent. With only this 
amount of adsorbed water, the gel was treated with teddol 
as in the previous experiment. After re-evacuation of 
the treated gel, an ethyl alcohol isothermal was determined, 
so that a comparison between the two treated gels could be 
made. The amount of ethyl alcohol adsorbed was calculated 
in mg. per gm. untreated gel sP3#
Gel sP3(t)^ - Ethyl alcohol.
Weight of activated untreated gel s P 3 0.3548 gm.
The gel was saturated with ethyl alcohol and 
twelve desorption points were determined, the first 
four by the ’pressure change * technique.
III. 32.
£ g. per m. sP3. £ q. mg. per fcm. sP3.
1. 43.15 242.1 . 6. 23.50 129.1
2. 35.40 234.5 7. 18.45 95.5
3. 30.85 221.0 8. 9.20 60.0
4. 29.70 214.0 9. 2.50 47.9
5. 28.50 191.7 10. 0.40 34.1
The isothermal is plotted in Pig. III. 39a. The 
shape of the curve is still essentially the same but a large 
shift towards the pressure axis has been obtained from that 
of the untreated gel sP3 - ethyl alcohol system. Next, the 
sample of treated gel was re-evacuated at 150^ 0 and a 
water isothermal was determined. However, this time the 
weight of water adsorbed was calculated in mg. per gm. 
sorbent.
Gel sP3(t)^  - Water.
Weight of activated sorbent :- 0.3753 gm.
The gel was saturated with water and ten desorption 
points were determined, followed by two adsorption points 
to investigate the hysteresis loop. The gel was then 
resaturated and six desorption points were determined 
to check the.position of the point of inflexion and to 
see if the isothermal was reversible.
III.-33:.
2 q. m«. per am. sorbent. p a. ma. per am.
1. 20.45 64.5 10a. 17.25 50.9 '
2. 17.05 57.84 11a. 20.30 57.8
3. 16.10 51.43 12. 23.35 73.6
4. 13.90 46.90 13. 18.00 65.6
5. 10.15 43.44 14. 17.00 59.2
6. 6.25 38.40 15. 16.35 56.0
7. 3.25 35.2 16. 15.10 51.7
8. 1.85 28.8 17. 12.75 44.2
9. 0.55 20.5
The isothermal is plotted in Pig. III. 39b., 
together with that for the untreated gel. There was a 
very slight shift of the second desorption curvLe but it 
is probably due to the 'settling down' period of the gel 
and it is assumed that the isothermal is reversible. A 
striking difference has been obtained from the curve 
given by the untreated gel and thus the gel is specific 
in its sorption of water and is actually water-repellent. 
Experiment 40. Gel sP3(t)^ .
Treatment with teddol.
A weigh&d sample of gel sP3 (from the first batch) 
was evacuated at 150^ 0 and the weight of activated sorbent 
was calculated. Straight away, without the addition of 
any water, teddol liquid was distilled on to the gel and’
- - III. 54.
left for an hour. The container was then slowly heated to _ 
120^ 0 and finally evacuated at 150^ 0. as usual. The container 
was then reweighed and an ethyl alcohol isothermal was 
determined, the amount adsorbed being calculated in mg. per 
gm. untreated gel sP3.
Gel sP3(t)^  - Ethyl alcohol.
Weight of activated untreated gel sP3:- 0.7980 gm.
The gel was saturated with ethyl alcohol and ten 
desorption points were determined, the first four by the 
'pressure change' technique.
£ a. mg. per gm. sP3. £ a. mg. per gm.
1. 54.55 292.3 6. 28.35 214.5
2. 39.80 285.1 7. 23.95 164.2 '
3. 32.55 279.2 8. 14.15 121.7
4. 30.60 273.7 9. 4.05 92.0
5. 29.85 257.7 10. 1.70 80.0
The isothermal is plotted in Pig. III. 40. The 
curve is intermediate between that of the untreated gel 
sP3, and treated gal sP3(t)2*
Experiment 41. Gel sfP3(t).
Treatment with teddol.
A sample of the mixed silica-ferric oxide gel sfP3 
was treated, the procedure being exactly as in the previous 
experiment. After re-evacuation, the container was reweighed
 ^ . III. 35.
and a water isothermal was determined, the.amount adsorbed
I
being calculated in mg. per gm. untreated gel sfP3. The 
treated 'gel' was a yellow-brown colour and was a solid 
mass, indicating that the teddol had probably reacted with 
the ferric oxide in the gel, with a subsequent collapse of 
the pore structure.
Gel sfP3(t) - Water.
Weight of activated untreated gel sfP3 0.9511 gm.
The gel was saturated with water and nine desorption 
points were determined.
2 Q. mg. per gm. sfP3. p. q. mg. per gm. sfP3.
1. 21.20 709.3 &. 7.10 182.0
2. ' 20.35 681.0 7. 3.35 129.0
3.' 18.30 567.5 8. 2.35 113.8
4. 13.65 239.6 • , 9. 0.60 86.6
5. 11.55 214.0
The isothermal is plotted in Pig. III. 41. The 
type of curve is quite different from that given by the 
untreated gel, indicating that the teddol has reacted 
with the gel during treatment.
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III. Gel D.
Silica gel D was used by Brown (1) who obtained it 
from the Silica Gel Company, and her results are used for 
the water and ethyl alcohol isothermals and are plotted in 
Pigs. III. 4'z. - 4^ .
f '
Teddol treatment.
Two samples of gel D were treated by different
methods :
(1). By contact of teddol vapour with a previously 
weighed and evacuated sample of gel, containing a small 
amount of adsorbed water, (53.7 mg. water per gm. gel).
The vapour was left in contact with the gel overnight; the 
container was heated slowly to.120^0 and finally the gel was 
evacuated at 150^C for three hours. The container was 
reweighed and a water isothermal was determined. The 
treated gel is denoted as gel D(t)^ .
(ii). A sample of gel was refluxed for an hour with a 
solution of teddol in carbon tetrachloride. After draining 
off the solution the gel was dried and a weighed sample was 
evacuated at 150^0 for three to four hours. A water 
isothermal and an ethyl alcohol isothermal were determined 
on different samples of the treated gel, (which are denoted 
as gel D(t)g and gel D*(t)2»,
III. 37.
Experiment 42.
Gel p(t)^  ^- Water.
Weight of activated untreated gel D 1.2636 gm.
The gel was saturated with water and nine desorption
points were determined.
E m«. per gm..gel D. E q. mg. per gm. gel D
1. 22.55 511.2 6. 8.70 160.6
2. 19.55 495.4 7. 4.90 78.6
3. 16.50 450.3 8. 1.25 30.6
4. 15.15 374.0 9. 0.55 20.5
5. 15.25 279.8
The isothermal is plotted in Pig. Ill. 42, together
with that of the untreated gel. The curve has only shifted 
slightly.
Experiment 43.
Gel D(t - Water. x
f
Weight of activated treated gel:-xQ.8811 gm.
The gel was saturated with v/ater and twelve 
desorption points were determined.^
per gm. sorbent. p g_. mg. per m.
1. 20.06 200.2 7. 12.41 157.0
2. 17.94 199.3 8. 9.72 122.1
3. 17.45 198.4 9.1 •8.41 97.0
4. 16.70 194.0 10. 7.31 78.8
5. 15.59 183.9 11. 3.64 46.1
6. 14.16 170.8 12. 0.62 22.0
III. 38.
The isothermal is plotted in Pig. III. 43. A 
very large decrease in saturation valus is obtained from 
that of the untreated gel D.
Experiment 44.
Gel D * ( t - Ethyl alcohol.
Weight of activated treated gel 0.8682 gm.
The gel was saturated with ethyl alcohol and nine
desorption points were determined.
P q.. mg. per gm. sorbent. £ q. m^ . per ct. sorbent.
1. 56.51 332.2 6. 26.00 164.5
2. 40.11 300.0 7. 16.73 127.8
3. 38.00 283.0 8. 5.10 95.4
4. 36.52 262.6 9. 1.28 74.0
i
5. 33.22 226.7
, The isothermal is plotted in Pig. III. 44. Since
in the case of this gel more alcohol is adsorbed at
saturation than water, the results were checked by 
re-evacuating at 150^0 the sample of gel which had previously 
been used in the water isothermal determination in 
experiment 43, (gel D ( t - Water) and determining an 
ethyl alcohol isothermal. This precaution was taken in , 
case of inhomogeneity in the batch of treated gel D(t)g^
This latter isothermal was determined after an interval of
/
III. 3%
eight months, so the gel may have aged slightly. The results 
are given below in experiment 45.
Experiment 45.
Gel D(t)^  - Ethyl alcohol.
Weight of activated treated gel:- 0.8704 gm.
The gel was saturated with ethyl alcohol and seven 
desorption points were determined.
E. q. m^ . per m * £ q. m^ . per gm.
1. 47.50 311.5 5. 28.65 161.7
2. 41.60 302.8 6. 10.20 98.0
3. 38.40.  ^ 262.7 7. 0.90 64.1
4. 35.85  ^ 227.2
The isothermal is plotted in Pig. III. 45* By 
comparison of the isothermals for the two different samples 
of gel D ( t a  slight shift is observed, and so in later
discussion the results of the isothermals determined on/
the same sample of treated gel ])(twill be used, 
(experiments 43 and 45) and not the results for gel D*(t)2~ 
Ethyl alcohol system, (experiment 44).
Experiment 46.
Gel D - Acetic acid.
Weight of activated sorbent 0.8993 gm.
The gel was saturated with acetic acid and fifteen
desorption points were determined; the first six by the
V
III. 40 .
'pressure change' technique. One adsorption point was then
determined to test the size'of the loop.
£ per E q. mg. per
1. 14.15 543.1 8. 5.20 458.2
2. 11.10 539.0 9. 3.90 391.3
5 • 8.60 532.2 10. 2.90 333.6
4. 7.45 529.7 11. 1.80 277.0
5. 7.00 527.4 12. 0.80 225.5
6. 6.40 519.0 13. 0.50 201.7
7. 5.95 499.0 14a. 4.45 384.6
The isothermal is plotted in Pig. III. 46.
Experiment 47.,
Gel D(t)^ - Acetic acid.
The sample of treated gel D(t)g was re-evacuated 
at 150°G.
Weight of activated sorbent:- 0.8471 gm.
The-gel was saturated with acetic acid and twelve 
desorption points were determined, the first five by the 
•pressure change* technique.
III. 41 .
£ g.* mg. per gm. £ q. mg. per gm.
1. 12.90 393.3 6. 7.05 328.0
2. 11.15 390.9 7. 5.70 257.0
3. 10.05 388.7 8. 4.20 203.0
4. 8.40 385.0 9. 2.15 147.8
5. 7.70 373.9 10. 0.60 107.8
The isothermal is plotted in Pig. III. 47. This 
curve differs in shape from that of the untreated gel D - 
acetic acid isothermal. The former curve has a definite 
point of inflexion, while the latter isothermal has no point 
of inflexion and is linear in the pressure region (1 - 6)mm. 
The curves also bend at different pressures after the 
steep drop from the saturation pressure.
Experiment 48. Gel P(SiCl^)^.
A sample of gel D was evacuated at 150^ 0 and 84.2 
mg. water per gm. gel was added. The container was then 
transferred to the *teddol apparatus’ and treated with 
silicon tetrachloride in exactly the same way as gel D(t)^  
was treated with teddol. The treated gel was re-evacuated at
150^0 and a water isothermal was determined.
;
Gel D(S1C1^)]_ - Water.
Wei^t of activated untreated gel D 2.0406 gm.
The gel was saturated with water and ten desorption 
points were determined.
. - III. 42.
£ q. mg. per gm. gel D. _ 2 a. me. per gm. gel D.
1. 22.85 507.7 . 6. 15.75 410.4
2. 20.75 498.7 7. 14.60 342.8
3. 18.15 486.7 8. 13.05 270.1
4.. 16.70 469.4 . 9. .10.85 197.9
5. 16.25 449.2 10. . 6.80 107.8
The isothermal is plotted in Pig. III. 48. The 
curve is almost identical with that of the teddol treated 
gel D(t)^ .
Experiment 49. Gel D(siCl^)^ .
After point 10 had been determined, the container
t
was removed to the ’teddol apparatus’ and the gel containing 
107.8 mg. water per gm. gel D was retreated with silicon 
tetrachloride as before. A water isothermal was determined, 
the amount of water adsorbed still being calculated in 
mg. per gm. gel D.
Gel D(SiCl^)^  - Water.
. '
The gel was saturated with water and eight desorption 
points were determined.
2. g. mg. per gm. gel D. £ g. mg. per gm. gel D.
1. 22.05 470.0 5. 16.30 404.0
2. 20.25 464.3 6. 15.75 375.7
3. 17.45 ' 450.0 , 7. 14.20 295.0
4. 16.60 , 427.8, 8. 3.40 61.2
III. 43.
The isothermal is plotted in Pig. III. 49. Again . . 
a small shift towards the pressure axis has been obtained by 
the second treatment, but the shape of the isothermal is 
unchanged. ' "
Patty Acid Treatment of Gel D.
Experiment 50.
Gel I)(stearic).
Stearic acid was absorbed on to gel D as described 
in chapter II, and an acetic acid isothermal was determined 
on the treated gel.
Amount of stearic acid adsorbed:- 1.9 1 0 moles per gm.
Gel E(stearic) - Acetic acid.
Weight of activated sorbent:- 0.7812 gm.
The gel was saturated with acetic acid and thirteen 
desorption points, followed by five adsorption points were 
determined.
E • a. mg. per gm. E q.. mg_.__ :
1. 11.40 444.0 9. 2.40 253.0
2. 9.00 437.8 : 10. 1.30 204.2
3. 7.70 432.7 11. 0.55 164.4
4. 6.85 427.2 12a. 1.15 193.5
5. , 6.55 419.7 13a. 1.80 220.0
6. 5.90 400.1 14a. 2.60 250.8
7. 4.95 354.4 15a. 4.10 297.7
8. 3.60 303.3 l6a. 7.80 404.3
III. 44.
The isothermal is plotted in Pig. III. 50. No 
change in isothermal shape has been obtained by this treatment, 
although the curve has been shifted towards the pressure axis 
by quite a large amount. The hysteresis loop is found to 
start at the very low pressure of 1.1 mm., 194 mg. per gm. 
being adsorbed
Experiment 51. Gel P(heptoic)*
Heptoic acid was absorbed on to gel D, as previously 
described.
Amount of heptoic acid adsorbed3.3. 10^^ moles per gm.
Gel P(heptoic) - Acetic acid.
Weight of activated s o r b e n t1.2219 gm.
The gel was saturated with acetic acid and thirteen 
desorption points were determined, the first five by the 
/pressure change’ technique.
El q. mg. per gm. 2 q. m^ . per
1. 13.75 505.0 7. 4.60 . 382.0
2. 11.40 500.8 8. 3.30 312.0
3. 9.40 497.3 9. 1.90 235.4
4. 7.25 491.6 10. 0.70 171.0
5. 6.60 485.2 11. 0.35 141.0
6. 5.85 454.7
The isothermal is plotted in Pig. III. 51, together 
with the other acetic acid isotherma^ b determined on gel D 
and various treated gels D.
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?. SCANNING RESULTS.
Experiment 52. Gel sfP2 - Water.
Weight of activated sorbent:- 0.9298 gm.
The gel was saturated with water and twenty-one 
desorption points were determined. Next six adsorption 
points were determined up to a pressure of 14.50 mm., and a 
desorption scanning curve consisting of seven desorption points 
was determined down to a pressure of 8.15 mm. From this 
point an adsorption scanning curve consisting of four 
adsorption points was determined up to saturation pressure.
To investigate the reversibility of the isothermal, seven 
further desorption points were determined down to a pressure 
of 11.80 mm., and finally another adsorption scanning curve 
was determined from this point up to the point of closure 
of the loop. The latter adsorption scanning curve consisted 
of five adsorption points. All the points are tabulated 
below and are numbered in the order they were determined.
1st. desorption curve.
£ q. m^ . per gm. £ a. m^ . per
1. 21.10 505.2 7. 15.10 442.7
2. 19.25 495.5 8. 12.40 425.5
3. 16.95 487.0 9. 11.95 404.0
4. 15.25 . 478.2 10. 11.40 592.0
5. 14.55 467.7 11. 10.95 572.6
6. 15.85 460.4 12. 10.55 545.9
III. 46.
£ a. mg. per gm. E. a. mg. per
13. 9.75 298.7 18. 3.85 139.4
14. 9.20 276.0 19. 3.40 130.2
15. 8.00 234.5 20. 2.40 112.6
16. 6. 6o 198.2 21. 1.45 98.6
17. 5.00 160.8
1st adsorption curve.
22a» 7.60 193.0 25a, 12.70 335.5
23a-.10.20 251.9 26a. 13.20 356.2
24a,11.55 293.2 27a. 14.30 398.5
1st desorption scanning curve.
28. 13.75 389.4 32. 10.60 313.1
29. 12.75 371.3 33. 9.65 276.0
30. 12.05 356.5 34. 8.15 234.2
31. 11.60 340.8
1st adsorption sacnning curve.
35a. 9.75 262.9 37a. 14.45 396.5
36a.11.80 309.3 38a. 16.20 447.8
2nd desorption curve.
39. 18.90 476.0 43. 13.10 421.6
40. 17.00 470.0 44. 12.50 403.7
41. 14.65 458.6 45. 11.80 383.6
42. 13.95 447.8
III. 47.
2nd adsorption scanning curve.
£ q.. mg. per gm. £ q. mg. per gm.
46a. 13.05 397.0 49a. 17.95 469.1
47a. 15.25 434.0 50a. 19.40 477.4
48a. 16.40 455.7
The isothermal' is plotted in Fig. III. "b. . The 
second desorption curve has shifted towards the pressure 
axis but no further shift is observed as the second adsorption 
scanning curve meets this same curve, indicating the closure 
of the loop. The first desorption scanning curve was assumed 
' to join the main desorption isothermal at a pressure of 8.15 
mm. However, this point is not quite on the desorption 
isothermal and if this is so, the adsorption scanning curve 
starts from a point within the hysteresis loop. At least 
the desorption scanning curve lies very close to the main 
curve at low pressures, and the shape indicates a type 4 
scanning curve. The second adsorption scanning curve is a 
type 1 curve.
Experimant 53. Gel sP2 - Water.
Weight of activated sorbent 1.0^ 445 gm.
The gel was saturated with water and eighteen 
desorption points were determined, followed by nine 
adsorption points up to a pressure of 16.67 mm. From this 
point, a desorption scanning curve. consisting of seven points
Î
was determined down to the point of hysteresis inception.
III. 48.
Next five further adsorption points were determined and the 
gel was resaturated. To test the reversibility of the 
isothermal, four desorption points were determined down to 
a pressure of 14.10 mm., and from this point an adsorption 
scanning curve, consisting of four adsorption points, was 
determined up to saturation pressure again.
1st desorption curve. '
' £ q. mg. per gm. £ q. mg. per
1. 22.84 764.1 10. 13.55 461.3
2. 21.26 748.3' 11. 13.26 403.4
3. 19.10 727.1 12. 12.91 361.6
4. 17.76 709.1 13. 11.9. 281.5
5. 16.56 691.3 14. 10.18 183.3
6. 15.64 666.1 15. 7.47 138.0
7. 15.20 636.4 16. 4.43 103.0
8. 14.57 595.0 17. 2.36 83.1
9. 14.36 526.2 18. 0.42 52.9
1st adsorption curve.
19a. 4.57 106.7 24a. 14.34 . 335.0
20a. 9.22 171.3 25a. 15.16 425.4
21a. 11.18 214.5 26a. 15.95 487.4
22a. 12.56 253.0 27a. 16.67 549.0
23a. 13.60 285.8 '
III. 49..
1st desorption scanning curve.
£ a. mg. per gm. £ q. mg. per
28. 15.99 536.4 32. 13.08 311.8
29. 15.30 508.5 33. 12.22 263.6
30. 14.18 425.0 34. 10.50 192.6
31. 13.63 383.4
2nd adsorption curve.
35a. 14.75 356.8 38a. 20.80 690.0
36a. 16.65 545.6 39a. 22.45 712.0
37a.• 19.30 669.6
2nd desorption curve.
40. 20.15 , , 696.3 42. 15.20 613.1
41. 17.05 664.6 43. 14.10 471.0
1st adsorption scanning curve. .
44a. 16.25 555.0 46a. 18.05 650.0
45a. 17.20 609.1 47a. 20.25 691.0
The isothermal is plotted in Fig. III. oL . Again a 
shift in the second desorption point towards the pressure 
axis has been obtained, but since the second adsorption 
curve met the second desorption curve at the saturation 
value, the isothermal is reversible and the initial shift 
was due to the initial ’settling down’ period of the gel. 
Both scanning curves terminated at the points of closure 
of the loop, the desorption scanning curve being a type 4
III.50.
curve and the adsorption scanning curve a type 1 curve, 
according to Katz.
Experiment 54* Gel sfP2 - Ethyl alcohol.
Weight of activated sorbent0.9298 gm.
The sample of gel used in the determination of the 
water isothermal was re-evacuated and used in the 
determination of the ethyl alcohol isothermal.
The gel was saturated with ethyl alcohol and 
eighteen desorption points were determined, the first six 
by the ’pressure change’ technique. Next four adsorption 
points were determined up to a pressure of 37.15 mm., and 
a desorption scanning curve, consisting of six desorption 
points, was determined from this point down to the point 
of inception of the loop. Three further adsorption points 
were determined and the gel was then resaturated. A 
second desorption curve, consisting of seven desorption 
points, was determined down to a pressure of 30.55 mm., 
and finally an adsorption scanning curve, consisting of 
five adsorption points, was determined from this point 
up to a pressure above the point of closure of the loop.
1st desorption curve.
£ Q. mg. per gm. £ q. mg. per gm.
1.' 57.95 374.8 3. 43.90 368.6
2. 49.05 371.5 4. 41.00 365.9
III.51. '
E Q. mg. per mm. £ Q. mg. per
5. 39.65 363.2 ' 12. 29.75 255.1
6. 38.75 360.6 13. 28.15 236.8
7. 37.25 353.6 ■ 14. 26.30 216.8
8. 35.95 344.2 15. 21.80 195.0
9. 34.15 326.3 16. 14.20 171.8
10. 32.30 312.3 17. 9.00 158.0
11. 30.95 285.0 18. 2.90 141.1
1st adsorption curve.
19a.22.20 189.3 21a. 33.70 265.6
20a.28.25 217.8 22a. 37.15 304.6
1st desorption scanning curve.
23. 35.10 291.7 . 26. 26.45 214.0
24. 32.10 266.0 27. 20.15 189.1
25. '28.10 231.5 28. 12.35 167.2
2nd adsorption curve.
29a.17.50 176.6 31a. 48.85 376.0
30a.40.75 347.0 ■
2nd desorption curve.
32. 53.45 378.5 36. 37.15 354.5
33. 46.20 375.3 37. 32.05 301.3
34. 42.30 372.4 38. 30.55 277.0
35. 40.45 369.6
: .  1
III. 52.
1st adsorption scanning curve.
£ q_. ÏÏLR* per £ q. m^ . per ggn.
39a. 35.00 299*0 42a. 46.45 , 375.8
40a. 37.75 321.0 43a. 57.10 380.5
41a. 40.65 345.6
The isothermal is plotted in Fig. III. cu;. A slight 
shift of the second desorption curve, due to the initial 
'settling down» period of the gel, was observed, but the 
isothermal was then found to be reversible. Both scanning 
curves' possess a point of inflexion and are type 4 and 1 
curves respectively. Both curves terminate at the points of 
closure of the hysteresis loop, although as these points are 
approached, the scanning curves lie very close to the 
respective main isothermals.
Experiment 55. Gel sP2 - Ethyl alcohol.
Weight of activated sorbent1.0445 gm.
The same sample of gel used in the determination of 
the water isothermal was re-evacuated and used in the 
determination of the ethyl alcohol isothermal.
The gel was saturated with ethyl alcohol and eleven 
desorption points were determined, followed by seven absolution 
points up to a pressure of 40.35 mm. From this point a 
desorption scanning curve, consisting of five desorption 
points, was determined down to a pressure below the point of
III. 53.
inception. Next, four further adsorption points were 
determined and the gel was resaturated. A second desorption 
curve, consisting of five desorption points, was determined 
down to a pressure of 34.10 mm., and from this point an 
adsorption scanning curve, consisting of three adsorption 
points, was determined up to the point of closure of the loop.
1st desorption curve.
£ q. DIR. per gm. £
1. 40.85 567.0 7. 29.35
2. 38.50 554.0 8. 23.25
3. 37.05 526.4 9. 10.70
4. 36.00 494.0 10. 3.15
5. 34.95 444.6 11. 1.30
6. 33.25 369.6
1st adsorption curve.
1 s t sorption scanning curve.
457.1
20. 54.90
21.^  32.95
403.5
353.4
29.45
19.20
g. mg. per gm. 
303.6
256.4 
213.0 
174.9
152.4
12a. 10.60 209.2 . l6a. 36.15 392.0
13a. 24.00 258.5 17a. 37.55 421.0
14a. 30.00 301.5 18a. 40.35 494.2
15a. 34.25 356.7
299.6
239.0
.......  " III. 54.
2nd adsorption curve.
£ q. mg. per - £ q. per mi.
24a. 29.70 298.5 26a. 47.60 575.2
25a. 43.65 553.1 27a. 52.00 581.1
2nd desorption curve.
28. 53.35 584.3 31. 40j05 563.4
29. 46.85 576.7 32. 34.10 398.6
30. 42.35 569.9
1st adsorption scanning curve.
33a. 38.60 479.6 35a. 53.85 584.4
34a. 42.55 546.6
The isothermal is plotted in Fig. III. The
isothermal is completely reversible. Again the desorption 
and adsorption scanning curves terminate at the points of 
closure of the loop and are type 4 and type 1 curves 
respectively.
Experiment 56. Gel sW2 - Ethyl alcohol.
Weight of activated sorbent0.7647 gm.
The gel was saturated with ethyl alcohol and thirteen
desorption points were determined, the first seven by the
'pressure change' technique. Next, four adsorption points
were determined up to a pressure of 31.70 mm., and a desorption
scanning curve, consisting of five desorption points, was
determined from this point down to the point of inception of
III. 55.
the loop. Three further adsorption points were determined 
up to a pressure higher than the point of closure of the loop, 
the third point being on the desorption curve. Following on 
from this point, six desorption points were determined down 
to a pressure of 28.90 mm, and from this point an adsorption 
scanning curve, consisting of five adsorption points, was 
determined up to the point of closure of the loop. Finally 
to obtain a more detailed investigation of the point of 
inception of the loop, four further desorption points were 
determined in this region.
1st desorption curve.
£ a. m^ . per RPi. E. q. mg. per
1. 56.25 365.0 8. 29.70 345.0
2. 47.55 361.3 9. 28.40 333.0
5. 42.00 358.0 10. 27.15 326.3
4. 57.75 355.0 11. 24.45 313.5
5. 34.80 352.3 12. 17.40 276.6
6. 32.40 349.7 13. 10.75 242.5
7. 30.60 347.3
1st adsorption curve.
14a. 28.30 333.0 l6a. 30.45 339.6
15a. 29.55 337.0 17a. 31.70 343.2
III. 56.
1st desorption scanning curve. '
£ a. mg. per gm# £ q. mg. per
18. 29.60 340.5 21. 28.20 333.6
19. 29.00 337.8 22, 27.95 331.4
20. 28.50 335.7
2nd adsorption curve
23a. 33.65 347.4 25a. 40,25 356.4
24a. 37.85 354.6
2nd desorption curve.
26. 35.80 353.7 29, 29.70 346.2
27.' 32.80 , 351.2 30. 29,40 343.5
28. 30.25 348.7 31. 28.90 339.8
1st adsorption scanning curve.
32a. 30.80 342.6 35a, 37.30 354.4
33a. 32.55 346.5 36a, 38.20 355.2
34a. 34.90 351.1
3rd desorption curve.
37. 29.15 341.2 39, 28.25 334.6
38. 28.60 337.8 40. 27,65 330.2
The isothermal is plotted in Fig. III. A sli^t 
shift of the second desorption curve, due to the initial 
’settling down’ period of the gel, was observed, but the 
isothermal was then found to be reversible. Both scanning 
curves terminate at the points of closure of the loop.
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G. Gel Composition. aa& Density (relatlTe to megaory). 
Gel Mean io Water Mean Pe^ O^. Density.
sfPl
sPl
sfP2
sP2
sfP3
sP3
6.54
5.83
6.67
6.73
7.58
7.02
7.66
12.01
20.75
0.0742
0.0668
0.0886
0.0643
0.1200
0.0847
sfEL
sHl
sfH2
sH2
sfH3
sH3
6.92
6.34
7.69
6.86
16.15
5.74
19.51
48.00
31.40
0.0730
0.0472
0.0602
0.0348
0.0736
0.0429
r '
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SECTION IV. DISCTJSSION OF RESTOTS.
A. General Remarks.
The results for the five sections of sorbents are 
discussed in the following groups ;
B. True silica-ferric oxide gels P and the corresponding 
extracted gels.
C# Silica-ferric oxide precipitates H and the corresponding 
extracted * chalky* silica gels.
D. Silica gels W.
E. The water-repellent and fatty-acid treatment of gels is 
dealt with together, though sub-divided into sections for 
each different treated gel system.
P. Scanning results and a more detailed discussion of the 
theories of hysteresis are dealt with in a separate section, 
though again results are sub-divided for each gel system, as 
the type of isothermal is largely dependent on the capillary 
structure of the gel. On the whole, reproducible results 
have been obtained, except for water. In other cases there 
have been slight shifts, but a reproducible isothermal has 
been obtained after the gel has been saturated a second time.
In sections B,C,D, the reproducibility of the results 
has not been checked, as already mentioned, only the shape 
the isothermal is required.
lY.B.l.
B• sfP aels and the extracted sP gels.
The ethyl alcohol isothermals determined on both the 
silica-ferric oxide gels and their extracted silica gels are 
all essentially similar in shape. The curves do not show a 
middle linear region as found by Poster and other 
investigators for ethyl alcohol-silica gel systems, and this 
is the first time this type of curve has been reported for 
either a mixed silica-ferric oxide gel or a silica gel.
• At pressures up to about 8mm. the isothermal is 
concave towards the pressure axis, while from about 8 mm. to 
28 mm. or more, the curve is convex towards the pressure axis 
for both mixed and silica gels with ethyl alcohol. Each 
curve has a point of inflexion from which the most frequently 
occurring radius has been calculated by means of the Kelvin 
equation.
All the systems exhibit hysteresis, the loops being 
exceptionally large. Water isothermals have been determined 
on all the gels except gel sfPl and the corresponding 
extracted gel sPl. Again the type of curve is similar but 
with a much larger hysteresis loop. The loops of gels sfP2 
and sP2 have been scanned but this is dealt with later in \  
the discussion of the different hysteresis theories.
Density determinations (relative to mercury) have 
been made on all these gels; also the water content of each 
gel and the ferric oxide content of the mixed gels have been
IV.B2.
determined. The isothermals have been plotted with pressure 
against the amount adsorbed per gm. silica for each gel, so 
that a comparison of saturation volumes and surface areas 
can be made on a common basis. A table of the composition of 
each gel together with the density (relative to mercury) is 
given below :
$able B.l. 
Gel jo water 
6,54SfPl
sPl
sfP2
sP2
sfP3
sP3
5.83
6.67
6.73
6.97
7.02
jo silica 
85.8 
94.17 
81.32
95.27
72.28 
92.98
% ferric oxide 
7.66 
0
12.01
0
20.75
0
Density (to Hg.) 
0.0742 
0.0668 
0.0886 
0.0643 
0.1200 
0.0847
o-ç
Ci.
nr\
m X
11
M
i~*r^ r ?nf'r'iAr) ’auimo^  y\»ou.banj.w5 '%
IY.B.3.
Saturation Volume and Density,
The extracted silica gels show definitely larger 
saturation volumes than the corresponding silica-ferric oxide 
gels. These values together with the densities (relative to 
mercury) and the reciprocal of the latter are tabulated below: 
Table B.2.
Saturation Volume
Gel Sorbate ml/m»
ESl
ml/m.
silica
density 
(to mercury)
1/dens
SfPl Ethyl alcohol 0.652 0.742 0.0742 13.5
sPl Ethyl alcohol 0.748 0.795 0.0668 15.0
SfP 2 Ethyl alcohol 0.549 0.675 0.0886
I
11.3'
sP2 Ethyl alcohol 0.764 0.819 0.0643 15.6
sfP3 Ethyl alcohol 0.326 0.455 0.1200 8.3
sP3 Ethyl alcohol 0.495 0.532 0.0847 11.8
sfP3 Water 0.375 0.524
sP3 Water 0.482 0.517
A linear relationship is obtained between the 
saturation volume per gm. gel and the reciprocal of the
density for both the silica-ferric oxide and extracted
\
silica gels, as shown in the graph (Fig. IV.1.) Since the 
density determined here is the ’bulk’ density as the mercury 
does not penetrate into the pores of the gel, and V^^^=(bulk 
density -(real densitythen V^ _^^  must also have a
linear relationship with (real density)-1 Thus as the solid
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content of the gel increases the density increases and the
total volume adsorbed decreases.
A linear relationship between the density and the
fo silica was obtained for the mixed silica-ferric gels, but
this did not hold in the case of the extracted gels, the
greatest discrepancy being for gel sP3«(Fig IV.6.) Following
on from this result a plot of v . ml. per gm. silica againsts
1/density was made, and is shown in Figure IV.2. Since:
V . ml. per gm. silica __ v . ml. per gm. #el. 100 
® ^silica
a straight line might be obtained for the mixed gels. This
was found to be so and additionally gels sPl and sP2 lay on
the same straight line ; gel sP3 again differing from the
other gels. This seems to point to the fact that in the
extraction of gels sPl and sP2 from the dorresponding silica-
ferric oxide gels, the basic silica structure is probably
unchanged and the extraction process is similar in both cases,
while the removal of the ferric oxide from gel sfP3 which
contains 20.75^ ferric oxide, might involve a greater
’upheaval’ of the pore structure than in the other gels, or
at least the extraction process differs in some way.
The view that in all three cases the extraction
process is not exactly similar is supported 'by a
consideration of the change in density, saturation volume
per gm. silica and the mean pore radius for each silica-
IV.B.5.
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ferrie oxide gel and the corresponding silica gel.
Table B.3.
Gels. Change in Change in V Change in ^Ferric
Density. ml/gm S-i pore radius ^(A1 oxide.
sfPl-sPl 0.0074 0.053 8.5 7.66
sfP2-sP2 0.0243 0.144 9.2 12.01
sfP3-8P3 0.0353 0.077 1.4 20.75
The change in density is not proportional to the 
change in saturation volume or pore radius as would be 
expected if in all cases the simple enlargement of the pores 
resulted from acid extracted of the ferric oxide. From the 
three samples prepared in this research the maximum /o ferric 
oxide for the maximum widening of the pores by acid extraction 
must lie between 12^ and 20^ , but is probably nearer 12$^ .
Pore radius.
The hysteresis loops of gels sfP2 and sP2 have been 
studied in detail, and from the points of inception it was 
found that for ethyl alcohol there was only one adsorbed 
layer before capillary condensation in the case of gel sfP2 
and two in the case of sP2. Since the other silica-ferric 
oxide gels have Kelvin radii not differing very greatly from 
that of sfP2 it was assumed that they also had only one 
adsorbed layer, and two in the case of corresponding extracted 
gels. In the water-gel systems, two and three layers were 
observed before capillary condensation for gels sfP2 and sP2
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respectively. However for gel sP3 - water system, only the 
addition of two adsorbed layers to the Kelvin radius were 
required to give a true pore radius In agreement with that 
obtained from the ethyl alcohol Isothermal. These values 
are tabulated belowj 
Table B.4.
Gel. Sorbate., No of adsorbed 
layers, x.
+ xcr.
sfPl ethyl alcohol 19.5 1 24.7
sPl ethyl alcohol 22.9 2 33.3
SfP 2 ethyl alcohol 15.6 1 20.8
sP2 ethyl alcohol 19.5 2 29.9
sfP3 ethyl alcohol 14.5 1 19.7
water 10.0 2 17.0
sP3 ethyl alcohol 15.9 1 21.1
Water 14.1 . 2 21.1
A check on the pore radius can be made by using the
relation r=2V/S, but a simpler method is to calculate the
ratio of the monolayer (z) to the total sorption (q8). The
^ of the total volume of the cylinder represented by the 
first layer has been calculated by Foster and has the 
following values: (^ h).
n 1 2 3 4 5 6 7 8 9  10
z/q% 100 75 55 44 36 30 26 23 21 198
The true pore radius is then obtained by multiplying the
IY.B.7.
calculated value of n by the diameter of the sorbate
molecule. If the pores are not circular in cross section and
uniform in shape only rough approximations are obtained by
these methods. In the table below the value of z is
obtained from the isothermal by the point A method, and is
only approximate for curves with no linear middle region.
In the use of the relation r=2V/S a further error may be
introduced in the calculation of the surface area from z,
2
since the product o" used here for the area of a molecule 
is only approximate as the orientation of the sorbate 
molecules and their packing is unknov/n.
Table B.5.
Gel. Sorbate. X. a. n r=2V/S .
SfPl EtOH 1 24.7, 32.1 5.63 29.1 23.0
sPl EtOH 2 26.2 6.95 22-9 27.8
*sfP2 EtOH 1 21.0 34.9- 5.20 26.9 20.8
*sfP2 HgO 2 20.0 ' (19.7
*sP2 EtOH 2 29.? 29.9 6.03 31.0 24.8
*sP2 HgO 5 20.4
sfP3 EtOH 1 51.5 3.32 17.2 14.2
sfP3 HgO 2 17.0
sP3 EtOH 1 21.1 43.8 ' 4.0 20.7 16.6
sP3 , H^ O 2 21.1
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The number of layers adsorbed before capillary condensation 
begins, is given in column 3> while the true pore radius 
calculated by the addition of this value to the Kelvin 
radius (obtained from the point of inflection of the 
isothermal) is given in column 4. Columns 7 and 8 give the 
pore radius calculated by the other methods and agreement 
is shown by means of underlining.
Firstly, good agreement is obtained in column 4 for
both ethyl alcohol and water on the same gel, thus confirming
the value of x. The asterisk in front of gels sfP2 and sP2
signify that the results have been taken from a recent
isothermal determination, which have shown slight shifts"-.
towards the pressure axis, though there is little or no
change in the mean pore radii. Secondly, good agreement is
obtained between column 4 and ncr for all gels except sfPl
and sfP2. The pore radii for these gels agree well with the
radii from the equation r=2V/8 in column 8, which is too low
llin all the other cases. The value marked ( ) in column 8
was obtained by calculating the surface area from the point 
of hysteresis inception of the water isothermal instead of 
point A. Foster has found this method to give good 
agreement with results where water is the adsorbate, since 
use of point A always gives a surface area much too low in 
comparison with those of other sorbates.
dro
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Using, the values in column 4 as the true pore radii, 
it was observed that the change in pore radius on extraction 
of the ferric oxâde from the mixed gels bore no relationship
between eit^ ier the change in density or V as already/' s
mentioned (table B.3)* However for both silica-ferric oxide 
gels 1 and'2 and the corresponding silica gels, r^, the true 
pore radius was found to be linearly related to the % silica 
as shown in Big.IV.3# This again points to the conclusion 
that for these gels the extraction of ferric oxide either 
simply enlarges the pores or leaves the basic SiO^ structure 
unaltered. Bor gel sfP3 the radius is larger than might be 
expected if a linear r^-^ silica relationship were also to 
holdyas in the case of the other gels. Since Be has a 
co-ordination number of 6 it can cause more water to take 
part in the mixed gel structure than in a silica gel; (this 
has been observed experimentally and is discussed later). Bor 
a large fo ferric oxide (as in gel sfP3) the additional water 
would cause longer chains of micelles which would not be able 
to form such a closely packed structure as in the case of 
shorter chains of micelles. Thus a larger mean pore radius 
might be expected. If in mixtures of gels it is assumed that 
the inter-bonding between ferric oxide and silica particles 
takes place by condensation of hydroxyl groups existing at 
the interface and that this crystallising influence only 
extends a few molecules deep into the silica particle, then
lY.B.lO.
a simple check to verify that in the extraction the pores 
are enlarged without alteration of the basic silica structure 
is as follows:
Assume the pores to consist of uniform cylinders of 
radius r and length 1. Let there be n pores per gm. silica, 
then:
2
Vl = n^r ^ l'rr(per gm. silica) for a silica-ferric oxide gel.
Vg = (per gm. silica) for the extracted silica gel.
where V is the saturation volume per gm. silica.
2 2 Thus V. = n« r_ r:T
_  ., . ( i ) and if n = n«, 1 = TT* ' ' '
''2 4  ' ' 2^
Table B»6.
7  21 2
Gel. Adsorbale. ml./an.810  ^ r^(A) ^/7^ r^/r^
SfPl EtOH 0.742 24.7 1.07 1.80 1.58
sPl EtOH 0.795 33.1
sfP2 EtOH 0.575 20.7 1.21 2.09 1.73
sP2 EtOH 0.819 29.9
*sfP2 EtOH. 0.597 21.0 1.35 2.03 1.54
*sP2 EtOH 0.807 29.9
*sfP2 HgO 0.502 20.0 1.30 2.33 1.79
*sP2 HgO 0.785 30.5
sfP3 EtOH 0.451 19.7 1.18 1.15 1.0
sP3 EtOH 0.532 21.1
The asterisk denotes more recent isothermalf determinations.
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Columns 5 and 6 give values for the l.H.S. and R.H.S. of
equation (i). Column 7 gives the ratio of the number of
pores per gm. silica for extracted silica gel to silica- 
ferric oxide gel,and this is only found to be 1 in the case 
of gel 3* The extraction process thus creates new poresI
and only seems to be a simple enlargement of the pores in 
one case. Except for gel 3, the ratios of the number of
pores in the mixed gel to the extracted silica gel are
approximately the same, and therefore the extraction process 
is similar for these two gels.
A consideration of the isothermals, plotted as
\
pressure against the quantity adsorbed in mg. per silica
in Figures III. 1-8, confirms the above results.
It is seen that in the case of the ethyl alcohol 
isothermals given by gels sfP3 and sP3 the curves are almost 
superimposed below a pressure of 28 mm. and it is only at
the very low pressure of 5mm. that the curve given by the
extracted gel crosses the curve given by gel sfP3# The 
values of z, the monolayer capacity, calculated from the 
point A method are approximately the same, indicating very 
little change in the total surface area of the gel after 
extraction of the ferric oxide. The alteration in the 
isothermal due to the extraction process indicates a larger 
hysteresis area and saturation value and thus it follows
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that probably the radii of the pores have been slightly 
increased without the production of new pores, the larger 
pores contributing little to the total surface area of the gel 
but largely to the total volume adsorbed. However, in a 
comparison of the water isothermals given by gels sfP3 and 
sP3 ancentirely different situation is presented in which a 
striking decrease in the surface area of the gel is observed 
after the extraction of the ferric oxide, whereas the 
saturation volumes are approximately the same. In this case 
results indicate that it is the small pores that have been 
enlarged. It must be remembered that the two samples of 
gel sP3 used for the determination of the water and ethyl 
alcohol isotheimals were not in the same batch of extracted 
gel from gel sfP3 and there are probably slight differences 
in the structure of the two gels. However, on the whole it 
seems that in the case of the gel sP3 - ethyl alcohol system 
all the pores have simply been enlarged. The ethyl alcohol 
molecules cannot penetrate pores of diameter less than 5*2A 
and thus the curve indicates the properties of pores of 
diameter greater than this, whereas the water molecules 
penetrate pores of diameter down to 3.5A. Since it is the 
smaller pores that largely contribute to the total surface 
area of the gel it is not surprising to find such a large
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decrease in this value in the case of the water isothermal 
given by gel sP3, in which these small pores have been 
enlarged.
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Monolayer Capacity and Surface Area.
The amounts required to form a complete monolayer, 
recorded in column 3 in table 7, have been determined by the 
point A method. The occurrence of a linear middle region in 
an isothermal which bends away from the concentration axis at 
very low pressures, is associated with small values of n, the 
number of adsorbed layers. Short linear regions have been 
obtained with water, though for all the gels the projection 
of the curve at this bend is not far from the true value.
The molecular diameter has been calculated from the 
relation = 1.33(^ '^ d)^ '^ ,^ which holds for an assembly of 
closely packed spheres in which N molecules occupy a volume 
N y ml, and is a special case of the relation 
cT^ =I?(M/Nd)^ '^  ^ used by U.K.Livingston (4f)> in which F has 
the value 1.260 for square close packing.
As already mentioned in dealing with the data for 
water on gels B^ j G and D, Foster used the point of
hysteresis inception to calculate values for ^ and
/
found reasonable agreement with those derived from the 
point A values for the amines. The values marked ( 
in column 4 are calculated similarly.
i The surface area calculated from the relation S=2V/r^ 
is recorded in the last column of table ?•
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Table B.7.
Gel Adsorbate mg/gm SiO^Vm lO^cmVgm Si0_ S.Area
(a ) ml/gm SiO-
ÏS.
8=27,
0^
SfPl EtOH 186 6.50 24.7 0.742 6.01
sPl Eton 163 5.68 33.1 0.795 4.'80
sfP2 EtOH 191 6.66 20.7 0.675 6.52
sP2 EtOH 180 6.30 29.9 0.819 5.48
*sfP2 EtOH 164 3.73 21.0 0.597 5.69
*sfP2 H^ O 83 h
(160 r 3.37 h(6.53)^ 20.0 0.602 6.02
*sP2 EtOH 186 6.50 29.9 0.807 5.40
*sP2 «2° 63 h(197 r
2.56
(8.19)
30.5 0.785 5.15
sfP3 StOH 184 6.43 19.7 0.451 4.58
sfP3 HgO 127 5.18 17.0 0.519 6.11
sP3 EtOH 186 6.50 21.1 ■ 0.532 5.04
sP3 HgO 54 2.20 21.1 0.5 -
Columns 4 and 8 are in good agreement for the mixed 
gels 1 and 2, though agreement is poor for the extracted gels 
1 and 2 and the gels sfP3 and sP3. This seems to indicate 
that the silica-ferric oxide gels 1 and 2 consist of uniform 
cylindrical capillaries and the extraction of the ferric oxide 
upsets this uniformity ; further, it seems probable that 
gel sfP3 is not uniform to start with, or at least differs
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from the other mixed gels in some way.
A point worth mentioning is that from column 3 it is 
seen that, as might be expected, the gel containing the 
largest amount of ferric oxide holds the most water in the 
monolayer. This is due to Fe being in the 6 co-ordinate 
state and this is verified in the following section in the 
discussion of the composition of the gels.
Excluding the results from the isothermals determined 
recently, for comparative reasons, and also excluding values 
calculated from water isothermals as low values are obtained, 
except for gel sPl, all the gels have approximately the same 
surface area per gm. silica.
Table B.8.
6 2Gel. Surface Area (10 cm. /gm.SlOg).
sfPl 6.50
sPl 5.68
sfP2 6.66
sP2 6.30
sfP3 6.43
sP3 6.50
%
O-D
X.
6^
CO
6?
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Compositlon of Gel.
The water ; ferric oxide and silica for the silica- 
ferric oxide and extracted silica gels are given below
Table B.9.
(I) sf Reis,
Gel. fo water.
SfPl 6.54
sfP2 6.67
sfP3 6.97
(II)
Gel
sPl
sP2
sP5
s Reis.
jo water* 
5.83 
6.73 
7.02
jo silica. 
85.8 
81.32 
72.28
% silica.
94.17
95.27
4'
92.98
jo ferric oxide. 
7.66 
12.01 
20.75
A Graph showing the plot of ^ water against % ferric 
oxide in the case of the silica-ferric oxide gels is shown in 
Pig.IV.4. A linear relationship is obtained, the io water of 
the gel increasing as the io ferric oxide increases. This 
result is to be expected as hydrated ferric oxide contains 
more water than silica.^  P?*om the slope of the line the i water 
for both Qiio and 100% ferric oxide has been calculated:
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Table B.IO.
% water. % ferric oxide. % silica.
9.64 100 0
6.30 0 100
The ratio of the water content for 100% ferric oxide
and 100% silica is 1.53 or in the ratio of 6:4, which is the
ratio of the co-ordination numbers of Pe:Si.
Pig.IV.5 shows a plot of the density against % ferric
oxide. The slope of the straight line obtained was calculated
and gave a density (relative to water) of 5.75 gm. cm~  ^for
100% ferric oxide., (the density of ferric oxide being 
-3 \5.24 gm. cm }.
Thus it can be concluded that in these mixed silica 
ferric oxide gels the ferric ion is in the 6 co-ordinate state, 
combining with silica and hydroxyl groups to form a true gel 
structure.
IV.G.1.
G• Sllioa-ferric oxide 'æels* H and the extracted c^halky'
silica *#els*.
Again ethyl alcohol isothermals for both the mixed
and silica ’gels’ are essentially similar in shape# For
some distance along the concentration axis the curves fall
only slightly from saturation pressure, indicating no point
of inflexion. At a pressure of about 44 mm. all the curves
bend sharply and fall steeply, appearing to cut the
concentration axis some distance from the origin and all
within 80 - 120 mg# per gm# SiO^ # In the case of gel sfHl,
the point of hysteresis inception was located and part of
the loop was investigated. A very large, but narrow, loop..
was obtained, beginning at 112 mg. per gm. SiO^ , The amountd.
held in the monolayer is about 88 mg. per gm. SiO^ , from the 
point A method, thus it is probable that two adsorbed layers 
8L_re completed, or nearly completed, before capillary 
condensation takes place. However, this type of isothermal, 
essentially a type III curve, indicates a wide variation in 
the pore structure of the gel from very small capillaries.
\
that retain the sorbate at very low pressures^to pores of 
radii of the order of 100 A, which are filled at, or near, 
saturation pressure.
Holmes and Anderson prepared a gel by the addition 
of sodium silicate solution to ferric chloride solution,
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from which they also obtained an immediate gelatinous 
precipitate. They suggested that it does not contain ferric 
silicate because an X-ray study of the dried precipitate 
failed to indicate any crystalline structure. Ray and 
Ganguly, however, indicated the inconclusiveness of this 
evidence and produced a hard gel at 60^ C from solutions 
which contained equivalent amounts of ferric chloride and 
sodium silicate. Solutions containing excess ferric ehloride 
at 60^ C turned deep red and dissolved most of the precipitate 
originally formed. These facts were explained by the 
formation of ferric silicate initially, followed by further 
partial hydrolysis.
Since a true gel was obtained in the previous work on 
mixed silica-ferric oxide gels, the gelatinous precipitate 
obtained here is very probably ferric silicate. The isothermals 
are unsatisfactory for further work. '
By bottling a sample of the wet gel, and allowing it 
to ’sweat* thus drying it very slowly, it causes the gel 
structure to consist of a greater proportion of capillaries 
of large radius than in the other samples, the saturation 
value for this gel being larger than the other two, which are 
approximately the same. Most of the isothermals possessed 
linear regions at high pressures which bent round 
asymptotically as the saturation pressure was reached, and
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approximate saturation values were obtained by extrapolating 
these linear regions toi the saturation pressure. These 
approximate values are given in table C.I. together with 
the % water, % ferric oxide and the density (relative to 
mercury) for each gel.
Table C.I.
Gel 0 mg.per gm. % H^O % Fe^ O,. density, q .density 
 ^ SiO .^  ^  ^  ^ ------
SfHl 612 6.92 19.51 0.0730 0.0447
sHl 846 6.34 ~ 0.0472 0.0399
sfH2 810 - 7.69 48.0 ' 0.0602 0.0488
sH2 1386 ' 6.86 - 0.0348 0.0482
sfH3 540 16.15 31.4 0.0736 0.0398
sH3 1290 5.74 — 0.0429 0.0554
The last column gives the product of the saturation 
value and the density (relative to mercury) which is 
approximately constant in the case of the sfP and sP gels 
described in Section B. Considering the very approximate 
value for which is often extremely large, the results do 
show a tendency towards a constant value, the mean value 
being 0.0461. Thus the gel of greatest density adsorbs the 
least amount of sorbate, and vice versa. However, in the 
case of these sorbents there is no linear relation between 
the % water and the % ferric oxide and therefore the ferric 
ion is not in the 6-co-ordinate state as before, but probably
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as ferric silicate, the amount of water in the sorbent 
varying according to the method of drying the precipitate. 
In the case of ’gel’ sfHl, the precipitate was dried in 
the oven at llO^C, while in the case of ’gel’ sfH3, the 
precipitate was allowed to dry in air, and from column 3 it 
can be seen that by the latter process a sorbent of very 
large water content was produced.
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D#8llioa Gels W#
Two important but very varied types of gel were 
obtained by using Weiser’s method of preparation and a 
variation of it.
Firstly, by means of a variation th ensure alkaline 
conditions, gel sWl was obtained. Both the ethyl alcohol and 
water isothermals are similar and again are new types, not 
reported before for silica gel systems. It is obvious that, 
although no adsorption points were determined as the 
saturation pressure is reached in this region, there is no 
hysteresis loop, especially in the case of the ethyl alcohol 
isothermal. This adsorbent must contain very large pores in 
which capillary condensation occurs so close to the
saturation pressure that the hysteresis loop cannot be
\
determined at all. However, the sorbent must also contain 
small capillaries, as at about 3mni. below saturation pressure 
the curve bends sharply and falls very steeply to cut the
concentration axis some distance away from the origin, at
128 mg. per gm. in the case of ethyl alcohol^  and at 72 mg. 
per gm. in the case of the water isothermal, 
thus indicating the gel has quite a
large surface area. In the case of the
ethyl alcohol isothermal a linear region 
is obtained up to about 20 mm. or more, 
possibly indicating the building up of
IY.D.2.
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a small number of adsorbed layers, in the smaller capillaries. 
However, this curve could also be considered as a super­
imposition of two curves, type I and type III as shown in 
Fig.IY.7. The isothermal is interesting as a type, but 
unsuitable for further investigations.
Weiser*8 method itself provided a gel sW2, giving an 
ethyl alcohol isothermal identical in shape with Foster's 
silica gel B and Brown's silica gel B^ . The Kelvin radius 
calculated from the point of inflexion was* found to be 14*3A, 
identical with that of silica gel B. Using the results of 
the more recently determined isothermal in which the 
hysteresis loop was investigated in detail, the point of 
hysteresis inception is at 331 mg. per gm. sorbent. The 
amount held in the monolayer, from the point A method is 
187.5 mg. per gm. and thus two adsorbed layers are nearly 
completed before capillary condensation takes place. This 
gives a value of 24.6a for the true pore radius. The true 
pore radius of silica gel (Brown) calculated from ethyl 
alcohol and water isothermals is 24.lA and 23.9A respectively. 
Brown assumes that four layers of water are adsorbed before 
the onset of capillary condensation. Using this same 
assumption, the true pore radius calculated for gel sW2 from 
the water isothermal is 24.6A, in excellent agreement with 
the value obtained from the ethyl alcohol isothermal. The 
saturation volume, monolayer capacity and the value of
IY.D.5.
(z/q )fo are tabulated below and compared with those for s
Foster's silica gel B and Brown's silica gel B^ .
Table D.l.
Gel Adsorbate Is âgitti?. per m  z. Ï0 (A)
sW2 HgO 0.478 477 32 6.7 24.6
sW2 EtOH 0.483 379 195 51.4 24.6
*sW2 EtOH 0.466 ■ 366 187.5 51.2 24.6
B EtOH 0.382 300 154 51.3 24.6
®2 EtOH 0.412 324 138 42.5 24.1
An asterisk denotes the results from the more recent 
isothermal.
As mentioned in the introduetion,Brown has demonstrated 
that for silica gel B^ it is possible to obtain a smooth 
transition between irreversible and reversible isothermals by- 
increasing the size of the adsorbate molecule, in this case 
the amine series. The n-amylamine molecule was the first to 
be sufficiently large to prevent hysteresis, the molecular 
diameter being 6.49A. The ethylene diamine isothermal had 
only a small loop, the molecular diameter of the sorbate 
being 5.41A. It was concluded that there was no loop in any 
system where the molecular diameter of the sorbate is greater 
than 5.75A. Brown's results confirm the most important 
prediction of the 'open-pore' theory of hysteresis :-i.e, the
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larger the diameter of the adsorbed molecules, and thus the
thicker the adsorbed layer, the more easily will an open pore
of given diameter become blocked at its narrowest point, with
the subsequent disappearance of hysteresis. The evidence is
also said to be in direct contradiction to the 'ink-bottle'
theory, (l). This will be discussed later as the loop of gel
sW2 has been scanned and the two theories of hysteresis are
discussed further. Thus the knowledge of the preparation
of this gel has been valuable and has enabled further
investigations of hysteresis behaviour to be made on a known
type of isothermal in this research. These results will be
discussed in the chapter on scanning. The surface area of the
gel, calculated from the monolayer capacity for ethyl alcohol,
6 2is 5.56. 10 cm. per gm. This value compares well with the
5 2surface area of gel B^ , of 6.88.10 cm. per gm, calculated from 
the oxygen isothermal using the B.E.T. method.
Gel sW2 was taken as the 'standard' in the following 
work, in which the 'pc' value, pH and other conditions were . 
varied in the preparation of the gels.
The first condition to be varied was the concentration 
of the sodium silicate solution, which was halved in the 
preparation of gel sW3* The Kelvin radius of this gel, from 
the water isothermal (Fig.III.17?) showed a definite decrease 
of 0.9A, to give a value of 9.7A, and a true pore radius of
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23.TA, assuming four adsorbed layers, as before. The 
saturation value is also smaller than that for gel sW2, and 
by inspection of the shape of the curve, it is probable that 
the hysteresis loop is also very much smaller, indicating 
smaller capillaries and less variation in size from that of 
the most frequently occurring radius.
Secondly, hydrochloric acid was used in the 
preparation of gel sW4, instead of acetic acid.By comparison 
of the water isothermals of this gel and gel sW2, (Pigs III. 
15, 18) it is seen that the points of inflexion are identical 
but a larger saturation amount is obtained for the gel 
prepared with hydrochloric acid, and thus a larger hysteresis 
area is obtained. This shows that acetic acid forms the 
better gel with respect to adsorptive properties, the 
variation of pore size being less and closer to the most 
frequently occurring radius.
Next an attempt was made to incorporate iron into 
the gel structure by the addition of ferric chloride 
solution, other conditions“being as in the preparation of 
gel sW4. However, due to the acidity of the sol, very little 
Pe remained in the dried gel, most of it being removed in 
the washing process. The final gel was only found to 
contain 2.52^ ferric oxide, yet the water isothermal as 
shown in Pig.III.19,18, shows a decrease in saturation
IV.D.6.
volume, and a smaller loop (by inspection) compared with gel 
4“
sW-water isothermal, although the point of inflexion is 
approximately at the same pressure. The mixed gel also 
holds more water in the monolayer than the silica gel. This 
has been pointed out previously in dealing with mixed gels. 
However, this method of preparing silica-ferric oxide gels 
was abandoned as the acidity of the sol prevented the 
formation of hydrated ferric oxide.
Silica gel sW6 was next prepared from a neutral sol. As 
hydrochloric acid was used, the isothermal is again compared 
with that for gel sW4> (in which hydrochloric acid was used 
instead of acetic acid), as shown in Pig.Ill.20,18. The 
Kelvin radius was calculated to be 28.6A, and the curve 
indicates a large nysteresis area. Thus a low pH seems to 
favour a low pore radius and smaller hysteresis loop. This 
was investigated in more detail in the next section of gel 
preparations and will be discussed after consideration of the 
table of results for the gel-systems discussed so far.
IV.D.7.
Table B.2.
Adsorbent Adsorbate inflexion per m  z laR per &m
mm. .
sWl EtOH — — V. large 128
• ■ “2° - — V. large 88
sW2 EtOH 29.0 14.5 379 195
sW2 HgO 8.7 10.6 477 32
sW3 HgO 8.0 9.7 450 38
sW4 HgO 8.7 10.6 520 29
sfW5 HgO 8.5 10.3 455 45
sW6 HgO 16.4 28.6 754 40
In the next section, both the 'pc* and pH of the sols 
were varied as described in the chapter on gel preparations. 
The curve drawn up by Ray and Ganguly (Pig. 1 . 1. ) was used 
in the determination of concentrations of sodium silicakto 
give a sol of low 'pc', yet which would gel at a low pH of 
about 3.0 or lower. Results calculated from the water 
isothermals, for r^ , (the Kelvin radius), and z for each 
gel system are given with the 'pc' and pH values of the sol 
in the table below, in the order of decreasing pH.
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Table
/
D.3.
Gel. eh. E£- £fcA. q^.m^.per gm. z.mg. per
sW6 7-8 3.6 28.6 754 40.0
sW9 6.0 0.3 15.5 715 -
sW8 4.0 3.1 10.0 497 32.5
sWlO 3.5 2.3 9.3 472 ' 36.0
s#7 3.0 6.2 10.0 530 42.0
sWll 3.0 3.1 9.3 468 42.5
sW12 2.75 ' 5.0 8.9 444 38.0
It can be seen from this table, that the variation 
in pH is the most important factor in the determination of 
pore size. A low pH favours the formation of small 
capillaries in a gel. The lowest pH obtained was 2.75; a 
lower value would have prevented the sol from gelation. The 
water isothermal for this'gel indicates a small hysteresis 
area and if four adsorbed layers are assumed before capillary 
condensation, the pore radius of 22.9A is obtained. This is 
the smallest radius obtained for a silica gel by this 
particular method in this research.
An ethyl aalcohol isothermal has also been determined 
on gel sW12, and is plotted in Pig. III.27). The saturation 
volume is less than that of gel sW2, and is almost identical 
with the value for Brown's silica gel B^ . However, although
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no adsorption points were determined to investigate the 
hysteresis loop, by inspection of the curve it can be seen 
that the loop is very small. It must be even smaller than 
that obtained in the gel B - ethyl alcohol system since the 
slope of the curve from a pressure of 30 mm. down to 6 mm. is 
steeper than that obtained for gel B within the same pressure 
limits.
The results are given below:,'
Table B.4.
Gel Adsorbs^te q ,.mg. V .ml. z. mg. r, A. r A.  — ——— —  & —s  —  K— —O—
sW12 EtOH 329 0.419 184 14.1 24.4
I
Variation in the concentration is the next important 
factor; the lower the concentration, the smaller are the pores, 
the pH of the sol remaining the same. However, at very low 
concentrations, the pH of the sol has to be increased before 
gelation will occur and this completely masks the concentration 
effect, as can be seen from the table, in the case of gel sW9. 
For gels of approximately the same radius,(for example gels 
sW7 and 8, and gels sWlO and 11J the saturation amount then 
gives an indication of the gel of smallest capacity, and in 
both the above examples, the gel obtained from the sol of 
lowest pH has the smallest adsorptive capacity.
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An attempt was made to prepare a gel of intermediate
structure between.gels sWl and sW2. The water isothermals of
these gels, sWa and.sWb, are all plotted together in Pig.III.
28, 29 (14)* with that given by gel s#l so that a comparison
can be made. The gel sWb-system has a point of inflexion at
a high pressure and the shape of the curve still indicates a
wide variation in pore structure with some very large
capillaries present. The same applies to gel sWa, but in
this case a more definite point of inflexion is observed at
a lower pressure than before and a smaller saturation value
is indicated. However, neither isothermal is of the type
pH of
given by gel sW2. This is due to theyy^ mixed solutions which 
in the latter case is in the region of 3*0, but in the other 
cases attempts of using intermediate concentrations has 
produced solutions of pH about 7. 0 for gel sWa,and 10+ for 
gel sWb.■ It has been pointed out already that a sol of low 
pH, produces a gel consisting of small capillaries of small 
variation from a mean capillary radius, while alkaline 
solutions produce a gel with the reverse properties. Further 
both 'gels' sWa and sWb are actually precipitates, as 'gel' 
sWl, while gel sW2 is a true gel. All sorbents which were 
precipitates were found to give isothermals of this type,
(e.g. 'gels' sfH and sH), indicating this wide variation in 
pore structure up to very large pores. Approximate
IV.D.ll.
uniformity in capillary structure is only obtained in true 
gels of low pH.
To give a short summary, silica gels with Kelvin 
radii varying from 8.9A to 28.6A have been prepared by 
variations of Weiser's method. Both low pH and *pc* values 
are required to give a gel of I oy/  pore radius, the most 
important factor being the pH of the sol.
The use of acetic acid produces a gel, the capillaries 
of which haveea smaller variation in radii from the most 
frequently occurring radius, the water isothermal falling 
quite steeply and almost linearly from the saturation pressure 
down to the point of inflexion.
Gel sWi- water and ethyl'alcohol systems have not 
been reported before and may be considered as the super­
imposition of type III and I curves. The absence of a 
hysteresis loop in these systems is explained by the 
assumption that the sorbent contains both very small and very 
large capillaries, the latter only filling by capillary 
condensation at pressures so close to the saturation pressure 
that the loop cannot be determined.
Gel sW2 a_nd gels prepared from sols of low pH, give 
ethyl alcohol isothermals similar in type to Foster's silica 
gel B and Brown's silica gel B^ , both specified in literature.
lY.E.l.
E. GELS TREATED WITH WATER-HEPELLENTS.
(I). Silica Rel sW12.
Since on the treatment of the gel in a container, the 
container also becomes coated with several layers of silicone, 
the increase in weight of the gel could not be determined.
The first four isothermals are plotted with pressure 
aga_J_nst the amount of water adsorbed in mg. per gm. of the 
first treated gel, so that a comparison can be made as shown in 
Fig.Ill.30-33. The isothermals of the next two gels are plotted 
in mg. per gm. gel sW12(5) and a comparison of these curves can 
be made. In all otner cases the weight of treated sorbent is 
used.
On the whole, the shape of the isothermals are 
essentially the same, but with a continual shift towards the 
pressure axis with each treatment, along with the gradual 
steepening of the initial part of the desorption curve. In all 
cases the treated gel has a most frequently occurring capillary 
radius either equal to or greater than that of the untreated 
gel. The lower parts of all the isothermals show a linear region 
from which the value of z, the monolayer capacity, has been 
obtained.
Results for the untreated gel and the treated gels are 
given in tables El, E2, E3 and E4*
IY.E.2.
Table El. Gel sW12 (untreated)
Adsorbate q^.mg.per gm. v^.ml.per gm. z.mg. per gm. r^ A,
EtOH ' 329 0.422 184 14.1
444 0.4-45 3H3 8.9
Table E2. Treated gels.
AdsorbateWater.
(mg. per gm. sW12(i).) cm./@n.sW12 (I).
Gel qg. z. r^(A). r(=2Vg/A^). Ag(=2Yg/(r^ +^4<r) ).
sW12 444* 38* 8.9 5.7 3.9
sll2(l). 414 - 9.5 3.5
sW12(2). 338 ' 36 9.7 4.7 2.9
sWl2(3). 328 - 9.2 - 2.8
sW12(4). 307 5 8.9 3.1 2.7 ■
*these results are in mg. per gm,. untreated gel sW12.
Table 83.
\
AdsorbateWater.
Gel q^.mg.per gm. z.mg. per gm. rj^ (A). r(=2Vg/A^). (a )
sW12 444 38 8.9 5.7
sW12(5). 266.5 - -
sW12(6). 256.0 (per gm. sW12(5).)
sW12(a). 342 27 10.0 6.2
sW12(s). 392 43 9.1 4.6
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Table E.4.
mg.per gm. (lO^ cm^ /gm)
Gel Adsprba-te q . v . ml. _ (=2v/A, )
—  -   h  r(A)r
sW12 EtOH 329 184 0.422 6.44 14.1 13.1
sW12(6). EtOH 230 109 0.295 3.82 11.4 15.5
From tables E2 and E3 it can be seen that the Kelvin 
radii for the treated gels are all equal to or greater than the 
Kelvin radius for the untreated gel. However, the radius 
calculated'from the ethyl alcohol isothermal for treated gel 
sW12(6), (table E4), is 2.7A lower than that for the untreated 
gel. Thus it seems that the treated gels are specific in the 
sorption of water. There is a striking example of this in the 
case of both gels sP3 and D, which will be discussed later.
z, the monolayer capacity, is obtained by the point A 
method, a_nd is a measure of the surface area of the gel. In 
table E2, consideration of the values of z indicate a decrease 
of the surface area of the gel by successive treatments.
Assuming the gel to consist of cylindrical capillaries of 
radius, r, the surface area can also be calculated from the 
equation:-
Ag = 2vy(rj^ + x<r )
where x is the number of adsorbed layers, x is assumed to be 4 
for the untreated gel sW12, as the gel is similar to gel sW2, 
which has been discussed in a previous section. Values for A_
 ^ IY.E.4. '
are given in column 5 in table E2. Again a steady decrease 
in the surface area is obtained with each treatment.
Table E3 is not on a comparative basis (as table E2) 
but the results obtained by varying the method of treatment 
and by the use of a different water-repellent seem to be 
intermediate between those values obtained by successive teddol 
treatments.
In table E4 results are given for treated gel sW12(6) 
a^nd untreated gel sW12 - et^ yl alcohol systems. These 
isothermals (Pig.III.35b, 27) are similar in shape from the 
saturation pressure down to 28 mm. Below this pressure the 
isothermal given by the untreated gel is concave towards the 
pressure axis and flattens out at very low pressures, whilst 
that given by the treated gel is slightly convex down to 4 mm, 
where it also begins to bend round. The slope of the latter 
isothermal is much steeper than that given by the untreated gel. 
In both isothermals only very small hysteresis loops would be 
obtained and in fact the shape indicates that hysteresis has 
nearly disappeared.
By treating the gel six successive times with teddol,
6 2the surface area of the gel is decreased by 2.6.10 cm . per gm. 
sorbent. However, the value of the average pore radius 
calculated from r = 2v /A. (where A. is calculated from z) has8 JL J.
increased in the case of the treated gel. This indicates that
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probably the small pores have been blocked completely by a 
slloxane layer, and also the large pores have probably become 
coated by a layer. The proportion of small pores blocked must 
be large enough to effect an increase in the average pore
/
radius, while the decrease in radius of the large pores would 
produce a decrease in value for the most frequently occurring 
radius. This seems to be a reasonable explanation for the 
seemingly diverse facts obtained from the ethyl alcohol systems. 
It would also explain the steeper slope of the curves from the
I
saturation pressure down to the bend in the isothermal, in the 
case of the treated gels.
The value for n^ /n^ , the ratio of the number of pores
per gm. imtreated gel to the number of pores per gm. treated
gel can be calculated from the equations
(1 ) 
(2)
where :
A^' = surface area calculated from z, the monolayer 
capacity,
' Vi, V2 = saturation volumes,
r^, r^  = average pore radii, calculated from the value 
of n, where r = non.
These results are given in the following table:-
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Table K.5.
Gel Adsorbate n ncr( A ) (1) n^/n^ (2)
sW12 EtOH 5.0 15.5
sW12(6) EtOH 3.7 19.1
2.1 2.2
Good agreement is obtained between values calculated from 
equations (1) and (2).
In a consideration of the water isothermals, (table E2), 
the reverse is true; the average pore radius calculated from 
r = 2v'/A-. , in column 5> decreases on treatment, whilst the
S JL
Kelvin radius in column 4 does not decrease below the value of 
8.9A for the untreated gel, but even increases in some cases.
Ho explanation can be given at the 'moment, but the effect may 
be due to the different contact angle presented by the treated 
gel surface'to water. The decrease in r(=2v /A.) indicates
S JL
the blocking or decrease in radius of the large pores. A 
clearer picture is obtained by a consideration of gels sP3 and 
D which show more definite water-repellent properties.
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(II). Silica Gel sP3.
Firstly, from a comparison of the results for the two 
different extracted samples of gel, given below, it is assuraed 
that the second batch of extracted gel does not differ greatly 
from the first batch. The true pore radii calculated by the 
addition of the adsorbed layer to the Kelvin radius are in 
excellent agreement and also with the value for ncr .
Table E.6.
(A)
Gel Adsorbate q^.m^. v, .ml. z .m^. n. n cr. r^+xcr, x
(1). sP3 EtOH 389 0.499 170 43.7 4.0 20.7 21.1 I
(2). sP3 HgO 480 0.482 48 21.1 2
A comparison of the untreated gel and treated gels is 
given in table E7> where the results are obtained from the 
■ ethyl alcohol isothermals. All amounts are calculated in mg. 
per gm. untreated gel and so are on a comparable basis.
 ^ Table E.7.
Adsorbate: Ethyl alcohol.
' (=2v/A^) 10&
Gel v^ .ml. z.m#, n. mrU ). r^ £Al- r(A). Ai
sP3 0.499 170 4.0 20.7 15.9 16.8 5.95
sP3(t)^ 0.432 136 4.5 23.3 15.0 18.2 4.76
sP3(t)g 0.321 44 11.0, 57.0 14.1 41.7 1.54
sP3(t)^ 0.376 81 6.6 34.1 14.7 26.6 2.83
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Assuming the two gel samples treated were thus 
initially of siMlar pore structureit can be seen by reducing 
the amount of water adsorbed before teddol treatment, from a 
water vapour pressure of 10.45 mm. (as in gel sP3(t)^ -) down to 
0.6 mm. at 25^ 0, (as in gel sP3(t) the penetration and 
blocking of the pores is very much increased. Further, the 
treatment is more effective without any water adsorbed at all, 
(as in gel sP3(t)^ ) than with a large amount adsorbed, but the 
former is not so effective as when only a very small amount of 
water (45.9 mg.per gm. in gel sP3(t)2) is adsorbed before 
teddol treatment. This amount of water is approximately the 
correct amount required to form a monomolecular layer. The 
shape of the isothermals given by the treated and untreated 
gels are still similar except that the isothermals for the 
treated gels are more convex towards the pressure axis in the 
pressure region (4 - 28) mm, than the untreated sP3 curve,
(Fig.III. 38, 39a, 40).
Both n<r and r(=2v /A-, ) in columns 5 and 7, table E7,
S JL
are values of the average pore radius, and in both cases the 
average radius is increased on treatment, a very large increase 
being obtained in the case of the treated gel sP3(t)2# On the 
other hand, there is a decrease in the value of the most 
frequently occurring radius. These facts are similar to those
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pointed out in the discussion on gel sW12 - ethyl alcohol 
systems, but are more decisive in this case. Mostly all the 
small pores must be blocked in gel sP3(tto give such a large 
decrease in surface area and large increase in the average pore 
radius from the untreated gel. Values for n^/n^ for the two 
treated gels are given in table E8, and again quite good 
agreement is obtained for the different methods of calculation, 
as discussed in the previous section.
Table E.8.
Adsorbate ; Ethyl alcohol
Gel n n<r. (A) (1) n^/ng (2)
/'■
sP3 4.0 20.7
sP3(t)i 4.5 23.3 1.8 1.5
sP3(t)g 11.0 ,57.0 10.6 11.8
sP5(t)j 6.6 34.1 3.5 3.6
Therefore it seems that the main effect caused by the 
teddol treatment is the complete blocking of the small pores. 
In the case of gel sP3(t)g a large number of pores are blocked 
in the treatment, the ratio of about eleven.
Results from the water isothermals for the untreated 
gel and treated gel sP3(t)g (Fig.III. 39b,(S)) are given in 
the following table:-
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Table E.9.
Adsorbate; Water 
Gel q^. m^ . per sP3. z. mg. per sP3. r^. (A).
sP3 480 48 14.1
sP3(t)g 70 32 29.6
This is a striking example of the specificity in the 
sorption of water by a treated gel, since only 0.070 ml. water 
are adsorbed per gm. (untreated gel), and yet 0.321 ml. ethyl 
alcohol are adsorbed by the same sample of gel. Another 
striking effect is that in the water isothermal the point of 
inflexion occurs at a very much higher pressure, indicating a 
very large radius for the most frequently occurring pore. Thus 
a small hysteresis loop is obtained, and in fact the whole 
shape of the isothermal has been altered from that of the 
untreated gel sP3 - water system. The reproducibility of the 
former isothermal has been tested and only a slight shift of 
the desorption curve was obtained, probably due to the initial 
settling down period of the gel. It was thus assumed that the 
curve is reproducible.
It seems that even the walls of capillaries of fairly 
large radii are water-repellent, yet allow the penetration of 
ethyl alcohol. Since the smaller pores are blocked already 
and some larger pores must also remain empty due to the
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repellent properties of the walls, the shape of the isothermal 
must be determined by the distribution of the less frequently 
occurring pores of large radii, the most frequently occurring 
Kelvin radius among the latter being 29.6A. By comparison of 
the saturation volumes of water and ethyl alcohol for the 
treated gel sP3(t)2, it is seen that 0.251 ml. water per gm. sP5 
are excluded in this manner, provided that Gurwitsch^s Rule (61) 
is obeyed. Further since only pores of larger radius are filled, 
layer adsorption is predominant until a high enough pressure is 
reached for capillary condensation to occur, and thus a smallf /\
hysteresis loop is obtained which does not begin until a 
pressure of 16 mm. is reached.
Gel sfP3(t).
The water isothermal given by the treated gel is of 
quite a different type to that given by the untreated gel sfP3,
(Fig.IV.41,7); the former curve indicating a wide variation in
> '
pore size, while,the latter isothermal is a type IV curve and 
the most frequently occurring Kelvin radius is only 10.OA. The 
treated sorbent was a yellow-brown amorphous looking mass and it 
is obvious that the teddol, (mostly dimethyl-dichlorosilane) has 
reacted with the ferric oxide contained in the gel structure, to 
form ferric chloride and resulting in the collapse of the pore 
structure of the gel.
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(Ill) Silica Gel E.
(a). Water-repellant Treatment.
By a comparison of the ethyl alcohol isothermals given 
by the two different samples of treated gel D(t )^ ,(Fig-III. 44, 
45), a slight shift is observed, and so the results from 
isothermals determined on the same sample of gel will be used 
to avoid any errors due to inhomogeneity of the batch of treated 
gel D(t)g.
Firstly, in the consideration of the differently treated 
gels from the water isothermals (Fig.III. 42,43,48,49), it is 
seen that the only sample of gel D treated effectively is 
gel D(t)g. This was the sample of gel that was refluxed with a 
solution of teddol in carbon tetrachoride. However, it must be 
remembered that in this latter case the results are expressed 
in mg. per gm. treated gel; the others being in mg. per gm. 
untreated gel D. The samples of gel D treated by contact with 
teddol vapour and contact with silicon tetrachloride vapour, 
show very little alteration in the shape of the isothermals• 
from that of the untreated gel.
The ethyl alcohol isothermal given by gel D(t)2 is 
plotted in Fig.III.45- Again the interesting result that more 
alcohol is adsorbed at saturation than water is obtained, as 
shown in table E.IO, once more confirming the specific water- 
repellent properties of the treated gel.
IT.E.13.
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Table E.IO.
Adsorbate v_. ml. per ' r^. (A).
H^O 0.201 13.4
EtOH 0.420 24.1
Results for the other treated gels are given below, and 
as there is little change they will not be discussed further.
Table E.ll.
Adsorbate; Water 
Gel q^. lifi-. per m* D. r^. (A).
D* 555 19.1
D(t)^  515 ' 23.7
D(SiCl^)^ 512 26.0
D(81Cl^)g 475 28.6
D* - these results were determined by Brown fairly 
recently, but the gel may have aged slightly since then.
As previously noted, a decrease in the saturation 
volume is accompanied by an increase in the Kelvin radius.
The most interesting results have been obtained from 
gel ©(t;^ * These are given in table E.12 with corresponding 
results for the untreated gel D. .
IY.E.14-.
Table E.12.
' .... per gm. sorbent# # # * lO^cm^
Gel Adsorbate âg' v^ . ml. Z •_.S£* • 4
D* ■ HgO 555 0.557 26 19.1
D* ' EtOH 457 0.582 150 20.5 5.25
D HAc 544 0.521 183 - 5.15
HgO 201 0.202 16 ' 15.4
D(t)g EtOH 328 0.421 70 24.1 2.45
D(t)g HAc 598 0.381 91 19.0 2.59
The surface area of gel D has been determined from the 
E.E.T. method by Brown (l), and is found to be 5.56. 10 cm per 
gm. This is not far off from the values calculated from z 
given in table E12, column 7,(A^ ), and as the gel has probably 
aged slightly with a subsequent slight decrease in the surface 
area, it can be assumed the latter values are a good 
approximation. Good agreement is also obtained between the 
values for A^  for the treated gel and therefore the surface 
area of the gel has been decreased by a half by this treatment. 
The manner in which this decrease has been obtained may be 
determined by a consideration of the pore radii, given in the 
following table
IV.E.15-.
Table £.13.
Adsorbate,, n. n(T(A). ri=2v^Z%l- r^__±_x^ iA). x*
D HgO 4.7 29.6 3
D EtOH 32.8 5.50 29.0 22.2 30.8 2
D HAc 33.6 5.40 28.7 20.2 — -
D(t)2 HgO 8.0 - - — 23.9 3
D(t)2 EtOH 21.4 9.0 46.5 34.4 34.4 2
D(t)g HAc 23.0 8.0 42.5 29.4 29.6 2
Columns 5 and 6 show values for the average pore radius
while column 7 gives the true pore radius of the most frequently
occurring radius, calculated from the Kelvin equation and X,
the number of adsorbed layers before capillary condensation 
begins* Columns 5 and 6 show a marked increase in the pore 
radius on treatment, as has been noted in the case of gels sW12 
and sP3. In column 8, x has been assumed to be the same before 
and after treatment and this may not be correct, however 
remarkable agreement is obtained between these values and those . 
calculated from r=2v^ /A^ , in column 6, for the treated gels 
only. However, if this assumption is assumed to be correct a 
definite decrease in the most frequently occurring radius has 
been found in the case of the treated gel-water system. This 
is contrary to the result obtained in the case of gel sP3 
where a large Increase of r^  was obtained for the treated gel - 
water system. Ignoring the abnormal water isothermal for the
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, tUe Vctlue^s for '^v-e be«K calcu 0. ttLcl
Table K.14.
Gel Adsorbate (1) (2)
D EtOH 29.0
EtOH
■ / 46.5
3.44 3.56
D Hâo 28.7
D(t)g HAc 42.5
2.95 3.00
for the acetic acid molecule has been taken as 5*3A 
in the above calculations.
(b) Fatty Acid Treatment.
Results for the fatty acid treatment of gel D are given 
below together with those for gel D and gel D(t)g - acetic 
a^cid systems. All the results are calculated per gm. sorbent.
Table E.15.
Adsorbate; Acetic acid. , « y.
Gel z.mg. An .lO^ cm^ . n<r. (A). r(JL
544 0.521 182.5 5.15 28.7 20.2
398 0.381 91.2 2.59 ' 42.5 29.4
454 0.435 152.5 4.31 28.7 20.2
508 0.487 132.5 3.74 37.2 26.0
The acetic acid isothermals are all plotted together 
in Fig.III. 46,47,50,51; and treated gel D ( t i s  unique in 
this case in that the isothermal has a point of inflexion and 
is not linear until below 4 mm. pressure. The radius calculated
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at this point of inflexion is 19.OA and if it is assumed that 
there are two adsorbed layers then the true pore radius is 
29.7A. Brown has found the mean true pore radius of gel D to 
be 31A. Thus the pores of average radius seem to remain 
unaltered by treatment, the smaller and much larger pores 
being * coated ^ and blocked by the siloxane layer. Further it 
is the blocking of the small pores, which contribute a large 
surface area but almost negligible volume, that produces the 
major effect in the treatment of the gel. The blocking of 
pores of about lOA in radius would have no effect on the value 
of r^ , since according to Cohan,capillary condensation only 
occurs in capillaries of radius larger than 2cr, and in cases 
(except for water) where r^  is increased or decreased, it 
depends on the variation in pore size and the proportion of 
larger pores which have been penetrated by the substance used.
In the technique for fatty acid treatment the amount 
of fatty acid adsorbed can be determined and thus the surface 
area of the gel covered by the fatty acid layer can be ■
calculated. This surface area has been calculated using (1) 
the cross sectional area of the fatty acid molecule, assuming 
orientation of the molecules and (2) the value of <r calculated 
from the density. Both these values are tabulated in columns 4 
and 5 in table E.16.
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Table 2.16.
Amount adsorbed. cr^ (A^ ) Surface Area
10~Voles per gm. 10^  cm^  per gm
(1) (2)
D(stearic> 1.9 20.5 23.5
85.5 ’ 98.0
D(heptoic) 3.3 20.5 40.8
48.3 96.1
From column 5 a constant surface area of the gel is
covered by both types of molecule, assuming random orientation
of the fatty acid molecules over the gel surface. In this 
2case (T was calculated from the equation
<r = 1.33. 10~®(M/d)^^^
Column 4 indicates that if the fatty acid molecules 
are assumed to be orientated with the chain perpendicular to 
the surface, then the heptoic acid molecules cover an area of 
gel surface approximately twice that covered by the stearic 
acid molecules. The latter assumption is far more likely to 
be correct since :
(i) the smaller heptoic acid molecule would certainly be 
able to penetrate further into the gel structure than the 
larger stearic acid molecule, and thus it is difficult to see 
how a constant surface area of gel could be covered by both 
molecules,
(ii) it is more reasonable to assume that the adsorption
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forces act through the terminal carhoxylic group of the fatty 
acid molecule, than at points along the paraffin chain. If the 
chains are assumed to be perpendicular to the surface the cross 
sectional area of the fatty acid molecules according to Adam
p
(62) is 20.5 A . Smith and Fuzek (53) adsorbed fatty acids on 
to nickel and platinum catalysts and by the use of this value 
obtained good agreement with the surface areas calculated by 
the B.E.T. method from nitrogen isothermals.
(iii ) From table El5 it can be seen that the gel treated 
with heptoic acid has a smaller surface area (calculated from 
the acetic acid isothermal) than the gel treated with stearic 
acid. If a constant surface area had been covered by the fatty 
acid molecules the reverse result would have been obtained, the 
diameter of the stearic acid molecule calculated from 
(T = 1.33. 10 (^M/d)^ "^  ^ being larger.
The results from the acetic acid isothermals indicate 
that in the case of gel D (stearic) the large pores are blocked 
or contain an adsorbed layer, while in the case of the other 
gel the * treated* pores are of smaller radius since v^  is less 
for D (stearic) than for D (heptoic), but on the other hand, the 
surface area is less for gel D (heptoic) than for D (stearic).
This is confirmed by the calculation of the average 
radius of the ’blocked* pores in each case from r = 2v/A, where 
V is the ’blocked* volume and A the ’blocked* surface area. The
I V . £ . 2 0 .
’blocked* values are calculated by subtraction of the value 
for the treated gel from that of the untreated gel.
Table £.17.
fi PGel Blocked volume, ml. . blocked A.10 cm . r = 2v/A. (A)
D(stearic) 0.086 0.84 20.5
D(heptoic) 0.034 1.41 4.8
The lengths of the fatty acid molecules are not known
to any degree of accuracy, however if 1.54A Is allowed for each 
C - C bond, I.IA for the end C - H bond and l.OA for the 
carboxyl!c acid group, the approximate lengths of the stearic 
acid and heptoic acid molecules are 28.3A and 11.3A respectively. 
The above values were obtained from results given by Pauling (63). 
If these lengths are reasonably correct it can be seen that the ' 
radii of the blocked capillaries are not in the ratio of the 
molecular.lengths, and therefore the process is not a simple one 
in which the pore space is reduced by a complete fatty acid 
layer, but in addition one molecule might block a small 
capillary and thereby decrease the surface area of the gel by 
a greater amount than the area occupied by the molecule. In 
fact the ratio of the decrease in surface area to the actual 
area occupied by the fatty acid molecules is approximately 3»5 
for both cases.
However, teddol in carbon tetrachloride is the most
I V . E . 2 I .
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effective way of treatment tried so far and as has been already 
pointed out, gel D ( t - acetic acid isothermal is the only 
curve altered in shape. The curve also bends round from the 
steep drop from the saturation pressure at a higher pressure 
than any of the other isothermals. This indicates that the 
radius of the largest pore is greater than before treatment, 
and is difficult to explain. The fact that a point of 
inflexion is observed can be explained as the blocking of all 
the small pores and the probable reduction in the radius of the 
largest pores reduces the wide variation in pore size, and so 
the structure of the treated gel contains more pores of 
average radii.
A further point of interest is the hysteresis loop 
determined on the gel D(stearic) - acetic acid system. The 
point of inception is at the very low pressure of 1.1 mm, from 
which r^ , the Kelvin radius at this pressure, is calculated to 
be 5.9A. The diameter of an acetic acid molecule, calculated 
from the liquid density, is 5.3A and thus r^ /cr = 1 (approx.,).
To return to the abnormal results obtained from the 
water isothermals on the various treated gels,it has been 
suggested in an earlier discussion that the water-repellent 
effect may be due to a different angle of contact presented by 
the new layer. If this is so, the Kelvin equation must be
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quoted as:-
pVp = e/rRT
where 8 is the angle of contact between the sorbate and gel 
surface, and r is the capillary radius, not the * true * radius. 
For the untreated gel,6=0 and cos 6=1, thus:-
Pl/Po = (a;
For the treated gel, however, 6 is not equal to zero and:-
P2/P0 = (b)
From equations (a) and (b):-
cos6_ -1 \ (c)
2^ 1^
ioge(Pi/P2) = 2%
RT
Hence 0 , the angle of contact can be calculated, r^  and r^  
cannot be taken as the Kelvin radii of the untreated and 
treated gels since there is an additional factor of the 
thickness of the silox.ane layer. It is assumed that for ethyl 
alcohol the angle of contact is zero. Then r^  is taken as the 
radius calculated from the water isothermal determined on the 
treated gel, while r^  is the radius that should have been 
obtained, calculated from the true pore radius as deducted 
from the ethyl alcohol isothermal. This calculation was made 
for treated gel D(tand the angle of contact was found to 
be 41° 30'.
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Table E.18.
Gel D(t)_
El Eg %  Eg QOS G _e
(=r—3<^)
23.9A 13.4A 15.2 mm. 10.8 mm. 0.7487 41° 30'
However, although the angle of contact seems to explain 
the facts for this gel it does not seem to be applicable in the 
case of gel sP3(twhere r^  is greater than r^ , i.e. the 
observed radius is greater than that calculated from the true 
pore radius by the subtraction of the thickness of the adsorbed 
layer. An explanation of this has already been given, and as 
only the small pores seem to be unpenetrated, the contact angle 
effect may be outweighed. The same might be said of gel sW12, 
but a consideration of table E2 shows that although for gels 
sW12(l) and sW12(2) there are increases in the Kelvin radius, 
the value then begins to decrease in the case of gels sW12(3)
' and sW12(4) until for the latter gel r^  is the same as for the 
initial untreated gel. The points of inflexion of curves 
sW12(5) and (6) were not determined, but it is not unreasonable 
to suppose that still further decreases would have been 
obtained.
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Summary of Water-repellent and Fatty Acid Treatments.
Firstly, a sample of gel sW12 has been treated with
teddol vapour six successive times, and another sample was
saturated with teddol and heated to llO^ C in an enclosed vessel,
and a third sample was treated with a silicone fluid. Water
isothermals were determined on all these gels. No great
alteration in the shape of these isothermals has been obtained.
The vigorous heat treatment proved the most effective way of
decreasing the saturation volume in a single treatment, but
even this was only decreased by 0.1 ml. per gm. sorbent. The
radius, calculated from the Kelvin equation for each gel system 
I I . ' ' #was either equal to or greater than that for the untreated gel 
system. The six teddol treatments reduced the surface area of 
the gel by 2.66, lO^cm^ per gm, but the value of the average 
pore radius calculated from the ethyl alcohol isothermal, had 
increased. From this it was deduced that the small pores had 
been blocked in the treatment.
An extracted silica gel sP3 was next treated with 
teddol vapour in three ways :-
(i) Water was added to a sample of the gel until a water 
vapour pressure of 10.45 mm. was obtained. The gel was then 
treated with teddol.
(ii) Only a small amount of water vapour was allowed to reach
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the gelt so that a pressure of 0.6 mm. was obtained beforeI
teddol treatment.
(iii) No water was added to the gel before treatment. The 
teddol was distilled straight on to an evacuated sample of gel. 
Treatment (ii) is found to be most effective, with (iii) the 
next most effective treatment and (i), the gel containing the 
large amount of water before treatment, was altered least of 
all. In case (ii) the amount of water adsorbed initially was 
the quantity required to form a monolayer on the surface of the 
gel, and thus the teddol would be able to penetrate into more 
pores than if some were already full of water. However, it is 
still better to treat a gel containing an adsorbed monolayer
i
than with no water adsorbed at all, as obviously the former has 
a^ large number of hydroxyl groups available for the reaction.
I
I The ethyl alcohol isothermals determined on these
treated gels were all similar in shape and were not altered much
I
from that of the untreated gel, except for shifts towards the 
pressure axis. These shifts are quite large and especially in 
fthe case of gel sP3(t)g. A small decrease in the Kelvin radius
I was obtained after treatment in each case. The water isothermal
?
determined on this gel proved unique, in that only 0.070 ml.
I
I were adsorbed at saturation and the hysteresis loop was very 
small, starting at a much higher pressure of 16 mm, and 
I indicating a lar^ e increase in the Kelvin radius. Thus the
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whole shape of the isothermal has been altered by the teddol 
treatment. The explanation given is that the smaller 
capillaries are unpenetrated, partly due to the water-repellent 
properties of the capillary walls and partly because they are 
blocked by a siloxane layer. The shape of the isothermal is 
therefore determined* by the distribution of the few pores of 
large radii. Thus layer adsorption is predominant until a high 
enough pressure is reached for capillary condensation to occur 
and so the hysteresis loop will be small and the point of 
inception will be at a high pressure.
Finally a silica gel D known to have a wide variation 
in pore structure, was treated in various ways with teddol 
vapour, teddol in carbon tetrachloride, silicon tetrachloride, 
stearic acid and heptoic acid. Teddol in carbon tetrachloride 
proved to be a very effective reagent and the water isothermal 
determined on the gel treated thus, was again found to be 
specific, but this time the Kelvin radius was decreased by a 
large amount in the gel treatment. The ethyl alcohol isothermal 
determined on this gel, DCt)^» was similar in shape to that of 
the untreated gel D, except for a large shift towards the 
pressure axis. The blocking of the smaller capillaries is 
again the predominant effect of the teddol treatment. The 
exclusion of 0.22 ml. water by the treated gel D ( t h a s  been 
suggested to be ipartly due to the different angle of contact
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presented to the water by the siloxane surface. A calculation 
has been made from the derived equation;~
loge(Pl/P2) = 2V^ [cos6 - 1
RT L ^2 ^1
where 6 is the angle of contact of the treated gel surface, 
r^  is r^ -X(T, where r^  is the true pore radius calculated from 
the ethyl alcohol isothermal, and r^  is the Kelvin radius 
calculated from the water isothermal on the treated gel. G was 
found to be 41^  30*, a not unlikely value. However, this 
equation is inapplicable in the case of gel sP3(tand the 
contact angle explanation is therefore not the only cause of 
the specific nature of the sorption of water.
Acetic acid isothermals have been determined for gels 
D, D(t )g, D(stearic) and I)(heptoic ) and all consist of two 
approxiaiately linear regions except that given by gel D(t , 
which possesses a point of inflexion. In this case it is 
suggested that in the more effectively treated gel D(t)^ , the 
teddol has so blocked the capillaries that the wide variation 
in pore size has been greatly reduced so as to produce pores 
of average size which now occur far more frequently, and this 
is denoted by the point of inflexion.
The fatty acid treatments of gel D are especially 
interesting in that it has been possible to determine the 
surface area of the gel covered by the fatty acid molecules.
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From results it has been assumed more likely that on adsorption
i
the fatty acid molecules are oriented with the chains 
perpendicular to the gel surface. Further, in the case of 
gel D(stearic) larger pores are blocked than in the case of 
gel D(heptoic), the average radii blocked, (calculated from 
r = 2v/A where v and A are ’blocked* values), being 20•5A and 
4.8A respectively* ' Further calculations have shown that the 
surface area is not only reduced by a layer of'fatty acid in 
some pores, but also single molecules completely block the 
small capillaries and thereby decrease the surface area of the 
gel by a greater amount than that occupied by the molecules.
/
/
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P. HYSTERESIS AND SCANNING.
Only a wry brief description of the theories of 
hysteresis, the ink-bottle theory and the open-pore theory, 
has been given in the introduction and before any results are 
discussed a more detailed explanation of the two theories is 
required.
A full description of the ink-bottle theory is given 
by Katz (54)> who also develops self-consistency rules which 
can be used to predict adsorption scanning behaviour.Pig.IV.A 
illustrates (a) Y-shaped capillaries,
(b) narrow-mouthed, wide bodied ink-bottles.
It is assumed that open-end cylindrical capillaries are not 
present ; hence the open-pore theory is not operative. On 
adsorption, condensation will occur in both capillary types 
in accordance with Kelvin*s equation. In the Y-shaped 
capillaries sorption is completely reversible and . desorption 
from these capillaries will be the exact reverse of the 
adsorption process. Similarly, in the case of bottle-neck 
capillaries which have not been completely filled, desorption 
will be the reverse of adsorption. In completely filled 
bottle-neck capillaries, however, desorption will not occur 
until the vapour pressure of the system has decreased to the 
value corresponding to the neck radius, even though the radii 
of the interior portions are greater than this value.
IY.F.2.
To facilate further discussion, Katz introduces two terms: free 
volume and blocked volume. Both quantities can best be defined 
with reference to Fig.lY.B. At a pressure p^ , the free volume 
is v^ g, the volume adsorbed at p^ when on the adsorption curve. 
At the same pressure, the blocked volume is v^^ ^a2’
difference between the amounts adsorbed in the desorption and 
adsorption curves. The free volume is the minimum amount that 
can be adsorbed at any pressure and the free volume plus the 
blocked volume is the maximum amount that can be adsorbed.
The above definitions may be defined microscopically from the 
standpoint of the capillary spaces themselves. The free volume 
at Pg is the total volume of all capillary spaces having 
radii less than or equal to the value corresponding to p^ .
The blocked volume at p^ is the total volume of the capillary
spaces having radii greater than p^, provided these spaces are 
contained in capillaries with constricted necks whose radii 
a_jre less than or equal to, p_. The concept of the blocked 
volume can be clarified by a consideration of Fig.IY.A (b). ,
The blocked volume at p  ^is the total volume of the upper 
constricted pore only. At p^ the blocked volume is the volume 
of the upper pore between the boundaries p^ and p^ plus the 
total volume of the lower pore. At it is the volume of the 
upper pore between p^ and p^ plus the volume of the lower pore
between p^ and p^ . At p^ the blocked volume is zero and the
hysteresis loop will close at this pressure. From this model,
tu
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he developed the self-consistency rules thus : adsorption
from point B (Fig.IT.C.) can give one of two possible types 
of scanning curves. The system may cross the hysteresis region 
along curve 1, which does not join the main adsorption curve 
until J, the upper point of closure is attained; or it may 
follow curve 3 and join the main adsorption curve at a point 
below the point of closure. A type 1 curve means that the 
blocked volume at p^ includes capillary regions of all sizes 
up to and including the largest size capable of adsorption by 
condensation. Further more it can be stated that all points 
at pressures greater than p^ must also give type 1 adsorption 
curves. On the other hand, a curve of type 3 means that the 
maximum radius in the blocked volume at p^ is that 
corresponding to the pressure at which the scanning curve 
joins the main adsorption curve (p^  in Fig.IT.C.) Also the 
blocked volume at all pressures less than p^ will likewise 
consist of capillaries all of which are less than p^ in radius. 
Thus adsorption from all points at pressures less than p^ will 
give type 3 curves also. The points at which the scanning 
curves join the main adsorption curve are not predictable, 
however. The curves starting at pressures less than p^ may 
join at, p^ or at lower pressures, but not at pressures greater
than p^ .
Desorption scanning curves may also be classified
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into two groups analogous to the adsorption case. Thus, we 
may obtain a type 2 curve, which starts at point E,pressure p^ , 
and joins the main desorption curve at B, pressure p^ , or we 
may find a type 4 curve, starting at E and joining the main 
desorption curve at A, the lower point of closure of the 
hysteresis region. A type 2 curve implies that the blocked 
volume at p^ , contains no capillaries larger than p^ in radius ; 
while a type 4 curve means that the blocked volume at all 
pressures less than p^ contains some capillaries with radii 
greater than Pj..
A system exhibiting type 1 adsorption from all points 
on the main desorption isotherm will desorb along a type 4 
curve from all points on the main adsorption curve, and 
conversely. Similarly, adsorption from all points along 
type 3 curves requires desorption along type 2 curves from all 
points, and conversely.
In a system with a more complicated pore-size 
distribution, both type 1 and type 3 adsorption may be 
exhibited.
Katz has deduced an analogous set of self-consistency 
rules for scanning applicable to the open pore theory, on the 
basis of Cohan^s discussion as follows. For a system wherein 
hysteresis is due solely to the presence of open-end 
cylindrical pores, only the type 2 desorption and the type 3
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adsorption scanning curves are obtainable, and he states that 
the occurrence of types 1 and 4 curves necessitates the 
presence of some bottle-neck pores. Furthermore he correlates 
mathematically the end points of the scanning curves, as Cohan 
has done with the open-pore theory. Using Fig.IV.C. the 
pressure, p^ , at which the desorption scanning curve joins the 
main desorption isotherm is (Aaocording to Cohan ) related to 
the pressure, p^ , at which desorption was initiated from the 
main adsorption isotherm by the relation;
pj (1) '
where r is the radius of the largest open pore to fill at p^  
or to remain filled at p^ on desorption, (p^  and p^  are 
relative pressures).
Both mechanisms proposed to account for hysteresis 
may be present in the same system, and only when types 2 and 3 
scanning curves which substantiate equation (i) are obtained, 
can one affirm that the delayed meniscus formation alone, is 
responsible for hysteresis. Again if curves of types 1 and 4 
a_u?e obtained, it is apparent that the ink-bottle mechanism is 
present ; but one cannot exclude the other process from taking 
part.
So far, there does not exist sufficient experimental 
information to make any conclusions and even though several 
investigators (55)>(48) have presented several scanning curves,
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the points of junction of these curves have not been 
determined with any degree of certainty.
However, taking into consideration the possibility of 
experimental error, Katz considered the ink-bottle mechanism 
was confirmed.
Furthermore, according to Katz a consideration of the 
shapes of the scanning curves showed that the open-pore model, 
by itself, could not explain hysteresis. From the open-pore 
model, desorption along a scanning curve involves a decrease 
in the multilayer thickness and desorption from wedge-shaped 
capillaries, while adsorption along a scanning curve involves 
exactly the reverse processes, since both are reversible with 
the pressure. Therefore a desorption scanning curve should 
coincide at every point with the adsorption scanning curve 
having the same terminal points. This has never been observed 
experimentally, If the delayed meniscus mechanism does occur, 
however, it can only do so in conjunction with the ink-bottle 
mechanism. In such a case, the analysis of the data is 
difficult as the relative contribution of each process is 
unknown.
Finally Katz developed a method of predicting the 
shapes of adsorption scanning curves, which was found to agree 
with the experimental data of Emmett and Cines (560 on a 
porous glass-argon system. Such a method is possible only
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when the following conditions prevail :
(1) hysteresis is caused by ink-bottles only.
(2) the adsorption scanning curves are type 1.
(3) the pore-size distribution for the available
volume at point x, the starting point of the adsorption 
scanning curve, equals the distribution for the available 
volume at point x^  (the point on the main adsorption isotherm 
at the same relative pressure p^ , as point x) times a fraction
C, which is the ratio of the two available volumes.
0 . ■
^s~^Ax
where v = volume adsorbed at the upper point of closure of the
hysteresis loop,
Vy. = volume adsorbed at point x (the start of the nx ^
adsorption scanning curve) 
v^^= volume adsorbed at the point on the main adsorption ‘ 
isotherm corresponding to point x. (the same p^ ). 
This method has been tested on data determined in the 
present research, but will be discussed later, as first some 
defects in Cohan’s theory will be pointed out.
Cohan showed that the pressure at which a capillary
fills during adsorption is given by ;-
IT.p.8.
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where r^  is the capillary radius and <r is the thickness of 
the adsorbed layer.
Foster ) states that this relation is no longer 
true when r^  is of the same order as the molecular diameter,' 
He derived a corrected equation, given by:-
I I .  p  .  pa o
Once condensation has occurred a meniscus is formed and the 
Kelvin equation is obeyed.
III.
The end points of the scanning curves are therefore correlated 
as given by the corrected equation:-
I V .
In this case r is the radius of the largest open capillary to 
have filled at the point on the adsorption curve. This is 
clarified by the following argument given by Cohan. He 
considers a sorbent consisting of a continuous range of open 
cylindrical pores and also a range of conical pores. The 
relative pressure at point E (Fig. IV. C) will correspond to 
capillary radius r given by equation II, i.e. the radius of 
the largest open capillary to have filled at point E. As the
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pressure is reduced, desorption occurs at once from conical 
pores but not from the open pore of radius r until pressure 
Pd/Po given by equation III, is reached. At this point the 
system will be in the same condition in which it would have 
been had desorption occurred from saturation.
Some objection has been offered to the open-pore 
theory because the theory as originally stated applied only 
to pores open at both ends, a type of structure which would 
not be expected to occur very commonly. However, Cohan (49) 
states that the considerations just described also apply to 
closed capillaries possessing constrictions.Such constrictions 
could be of hour-glass type or merely the upper portion of a 
cavity. In the cavity depicted in Pig.IV.D. a meniscus cannot 
form in the upper portion of the cavity until the lower of the 
two pressures :
Pal = Po« V
-2vV/r^RT
-yV/(r ~<r/2)RT
FIG.. S. >.
is reached, p^ ^^  corresponds to the pressure at whivh the
meniscus finally reaches the widest part of the cavity at r^
and p 2^ corresponds to the pressure in equilibrium with the
cylindrical film at the smallest radius, r , of the upper8
half of the cavity. Thus p equals the lower of p ., or pa aJ- a2 *
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Por < p 2^ hysteresis will occur in accords-nce with the 
bottle-neck theory. However, for p^  ^< Pg^]_ hysteresis will 
occur in accordance with the open-pore theory.
Cohan calculated values for P^/p^ from Rao’s scanning 
results and attributed deviations of this value from the 
experimental value of p^/p^, to bottle-shaped pores and flat 
sided clefts in the structure of the sorbent. Por bottle­
shaped pores he derives the relation:
where r^  and r^ are the radii of the body and neck of the pore, 
respectively. A flat sided cleft is shown in Pig. IV. E. The 
relation in this case is given by:
where w is the distance between the
wa 11s and r^  is the largest radius
in the cavity below the cleft.
■Thus the scanning curve will
join the desorption branch of the
loop below the point corresponding
to the calculated value of p,/p , if:d o
PlG-. SSL. e.
(1) bottle-shaped pores are present having: 
> (2r- <r )/r
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(2) clefts are present for which: 
r^/w > (2r- cr)/r
or from a further deduction: r^  > 2w.
A further prediction of Cohan’s open-pore theory is 
that the radius at the point of hysteresis inception, 
calculated from the Kelvin equation, is twice the thickness 
of the adsorbed layer, (i.e. r^  = 2<r), as briefly discussed 
in the introduction.
Poster has pointed out that the assumption that r = r^  during
desorption but r = r^- cr during adsorption is essential to
Cohan’s theory in order to make this prediction (which ,Cohan
maintains is in agreement with experiment,) though quite
inconsistent with the postulate of an initial monolayer, ( ) .
Emmett and Cines (56) have sought to resolve this
inconsistency by assuming that two adsorbed layers are formed
before capillary condensation takes place during adsorption,
but that only one^  remains on the capillary walls during
desorption. They substituted r = r^ - 2 cr for adsorption in
equation (l) and r = r^ -(T for desorption in equation (III)
and obtained a value of 3c for r when p = p.. However, aso a d
Poster points out, Cohan’s result r^  = 2 (T and that of Emmett 
and Cines, r^  = 3 ,  correspond to identical Kelvin radii, 
since Cohan puts r = r^  whilst Emmett and Cines put r = r^ -cr, 
hence if r^  = 3cr , r must be 2 cr . By the use of the correct
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equation II, derived by Poster, Cohan’s relation becomes :
2/r^  = 1/^ -^<j/2-(t) or r^  = 3<r; Emmett and Cines have pointed 
out that observed values of r^  generally lie between 2<r and 3cr . 
If on the other hand it is assumed that the thickness of the 
adsorbed layer remains the same during adsorption and 
desorption, then 2/r = l/(r-G/2) or r = cr and r^  = 2cr for 
one adsorbed layer. These corrected observations seem to point 
towards the fact that the number of adsorbed layers does not 
remain constant during adsorption and desorption.
Cohan ignores layer adsorption altogether and a further 
defect of his theory is that the temperature effect should be 
in accordance with the Kelvin equation on both branches of the 
hysteresis loop, a result which is not observed. Nevertheless 
Cohan’s theory does give an easily calculated upper limit to 
the ascending pressure, when layer adsorption is ignored.
An analysis of the data of Lambert and Clark (57) by 
Poster for the sorption of benzene by ferric oxide gel showed 
that the desorption equilibria appeared to be dejiermined by the 
surface tension in accordance with the Kelvin equation, whilst 
the adsorption equilibria were in approximate agreement with 
Polanyi’s potential theory. He plotted the isotherms as radius- 
volume curves and found the desorption points at 40^ , 50^ , and 
60^ C all lie on the same curve, whilst the ascending points do 
not. On the other hand a plot of the ’adsorption potential*
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(RT In Pq/p ) against volume gave the same curve for the 
ascending points but not the descending points. Later Brunauer, 
Deming, Deming and Teller showed that these adsorption data 
could be interpreted by a modification of the original B.B.T. 
theory.
The ink-bottle theory has a similar defect to Cohan’s 
theory in that although Rao maintains the ascending curve to 
represent the true equilibrium state, the Kelvin equation 
should be applicable to both branches of the loop. Poster has 
also pointed out that in the consideration of the distribution 
of the pore radii, the desorption branch invariably indicates 
a Gaussian distribution, the maximum of which corresponds to 
the point of inflexion. This point of inflexion is less 
pronounced and often absent in the adsorption branch and it is 
difficult to imagine a structure of bottle-necked pores in which 
only the radii of the necks are distributed according to the 
probability theory. This objection of course also applies to 
Cohan’s version of the open-pore theory, in the application of 
the Kelvin--equation to the adsorption branch of the isotherm.
Since the size of the hysteresis loop decreases with 
increasing temperature and has now been shown, by Brown ( I ) to 
decrease with increasing molecular diameter, the open-pore 
theory is favoured, as its predictions are in agreement with 
both these facts. The ink-)bottle theory offers no explanation 
of these results,
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In an attempt to clarify this situation, the 
hysteresis loops of (a) a mixed silica-ferric oxide gel sfP2-
ethyl alcohol system,
(b) gel sfP2 - water system,
(c) the corresponding extracted silica 
gel sP2 - ethyl alcohol system,
(d) gel sP2 - water system,
were scanned in the hope that different types of pores might 
have been produced in the extraction of the ferric oxide and 
this would be indicated by the type of scanning curve obtained. 
The loop of a plain silica gel sW2 - ethyl alcohol system was 
also scanned as the isothermal was of the type obtained by 
Foster and Brown for silica gel B and - ethyl alcohol 
systems, and the result should be of some interest.
Systems (a) and (b) are shown in Pigs. Ilia, and Illb. 
Firstly, as pointed out by Katz, the points of junction of 
scanning curves presented by several investigators have not 
been determined with any degree of certainty, and although 
special care was taken in this work, some of the scanning 
curves lie very close to the main isothermal and it is easily 
seen that in some cases a type 4 curve could be mistaken for 
a type 2 curve. However, for the mixed gel systems it can be 
said that the loop is not crossed by a simple curve of type 2, 
as in both these cases a point of inflexion is obtained on
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the desorption curve, although in the case of the water 
isothermal, the desorption scanning curve seems to join the 
main desorption branch at a point higher than the point of 
hysteresis inception. Similarly, the adsorption scanning 
curve either lies very close to the main adsorption branch or 
joins it at a point below the upper point of closure of the
■f
loop, and again a point of inflexion, though less obvious, 
is observed.
Systems (c) and (d) are shown in Figs. IIIc, and Illd, 
and in this case, particularly for the gel sP2 - water system, 
a definite type 4 desorption scanning curve and a definite 
type 1 adsorption scanning curve are observed, thus indicating 
the presence of ink-bottle pores and clefts, according to Katz. 
Some Ink-bottle pores and clefts are probably present in the 
structure of the mixed gel, thus causing the scanning curves 
to join the desorption and adsorption branches of the 
isothermals respectively below and above the points calculated 
by means of the corrected relation given by Foster. However, 
extraction of the ferric oxide from this gel seems to have 
increased the percentage of ink-bottle pores, clefts and 
constricted pores, that can be penetrated by water. Results 
confirming this discussion are given in table F.I. The 
experimental values for from desorption scanning results,
in column 4 are compared with the calculated values for
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p^/p^ in column 5> the latter being calculated from the 
equation .
where r is calculated from the’equation
p = p e-^ îr/(r<3-<r/2)RT 
a o
and (77 the molecular diameter, is taken as 3.5A for water
and 5.2A for ethyl alcohol.
In the system sP2-EtOH, the desorption scanning curve
lies very close to the main desorption branch at a pressure
of 32 mm. and below and (p,/p ) values for both p = 32mm.CL 0 e xp. CL
and p^ = point of hysteresis inception have been given. The 
former gives quite a good agreement.
Table P.l.
Gel Adsorbate e^xp• £d- (Pd/Po^ exp. < ^calc.
sfP2 HgO 0.602 8.0 0.337 0.421
sP2 HgO 0.699 10.5 0.442 0.528
Cf'
sfP2
sP2
sW2
EtOH 
EtOH . 
EtOH "
0.626
0.683 ■ 
0.536,
21.0
P2.0
124.0
27.9
0.355
(0.541
10.406
0.472
0.467
CO.527 
10.527 .
0.387
Where calculated values are all much larger than the
experimental values, the presence of ink-bottle pores and 
clefts are indicated, according to Cohan. In the gel sW2 - 
EtOH system, however, the reverse occurs. Cohan states this
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to be due to ink-bottle shaped pores with 
r^/r^ < 2 ( r- o/2 )/r 
and/or flat sided clefts for which ;- 
w <r^ < 2(w-(r) 
where the terms are as used previously.
Thus the scanning data here cannot be explained by Cohan’s 
theory alone, but one cannot exclude the delayed meniscus 
theory from taking a part in conjunction with the ink-bottle 
mechanism. Table F.2. gives predicted values for the 
adsorption scanning curves, calculated by the method used 
by Katz:-
^d2 = - ^d2 (^ax- ^a2^
s^ “ ^a2
where v^  = volume adsorbed at the upper point of closure of s
the hysteresis loop, 
v 2^ = volume adsorbed at the start of the adsorption 
scanning curve, at pressure p^ , 
v 2^ = volume adsorbed at pressure p^ on the main 
adsorption isotherm,
Vg^  ^= volume adsorbed at pressure p^ on the main 
adsorption isotherm,
= volume adsorbed at point x on the scanning curve, 
corresponding to the same pressure p^ .
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Table F.2.
Gel Adsorbate 2 ^ c a l c . Vexp. V  , -Vcalc.
sP2 V 15.0 526 506 20
18.0 668 650 18
20.0 698 688 10
sfP2 HjO 13.0 407 398 9
14.0 427 414 13
15.0 442 431 11
16.0 457 448 9
sW2 EtOH 29.5 341.3 340.7 0.6
30.0 342.5 341.5 • 1.0
31.0 344.7 343.2 1.5
32.0 346.6 345.3 1.3
33.0 348.3 347.5 0.8
34.0 349.8 349.5 0.3
35.0 351.2 351.3 -0.1
36.0 352.5 352.7 -0.2
This latter method assumes that hysteresis is caused 
by ink-bottles only. No agreement is obtained between the 
calculated and experimental values, except for the gel system 
sW2 - EtOH, where the higher pressure points seem to be 
predicted quite well. However, it must be remembered that the 
loop in this case is very small and a discrepancy of 1.5 makes 
a large alteration in the shape of the scanning curve, as was
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noted when the predicted values were plotted alongside the 
experimental curve. Therefore, the results cannot be 
interpreted by the assumption of ink-bottles alone. It seems 
probable that in all the systems investigated that the delayed 
meniscus mechanism oc'curs in conjunction with the ink-bottle 
mechanism and as the relative proportions of both types of 
pores are unknown a quantitative analysis cannot be made.
A point of interest is that except for the gel sW2 - 
EtOH system, all the other desorption scanning curves possess 
a point of inflexion and this occurs at a pressure almost 
identical with that corresponding to the point of inflexion on 
the main desorption isothermal, as given in the following table:
Table F.3.
Point of inflexion (mm. )
 ^ scanning curve main desorption isotherm
sfP2 HgO 10.5 10.5
sP2 H^ O 13.6 14.0
sfP2 EtOH 30.4 30.6
sP2 StOH 34.0 34.8
Further, if the scanning curves are traced and the point of 
inflexion for each curve is super-imposed on that of the main 
desorption isotherm, then the scanning curves can be made to 
coincide completely, or nearly completely, with the main 
desorption isotherms. The shape of the scanning curve for the
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system sW2 - ethyl alcohol is also similar in shape to the 
main desorption isotherm and can be made to coincide exactly 
if it is super-imposed onto it.
The method of predicting adsorption scanning curves 
used by Katz was based on a similar super-imposition of the 
adsorption scanning curve on the adsorption branch of the loop 
in order to compare pore size distributions. His equation 
is derived by the use of Shull’s (59) equations-
V  - v(H) = IT 8 (r - t(R) )^ L(r)dr (1)
where v = volume of gas adsorbed at saturation pressure,8
v (R) = volume of gas adsorbed at any intermediate 
pressure p,
L(r)dr = total length of pores whose radii are between 
r and r + dr,
R = corrected Kelvin radius corresponding to pressure p, 
t(R) = multilayer thickness built up at p.
Shull’s equation merely summarizes a theory introduced 
by Wheeler (60) which combines the B.E.T. multilayer 
adsorption and capillary condensation viewpoints. Shull has 
pointed out a method (59) by which the Wheeler theory can be 
applied to isotherm data thereby obtaining the pore size 
distribution, L(r). This will be discussed further later, 
meanwhile returning to Katz’s use of the equation, who
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rewrites it as
Vg - v(P) = Trjl^ r(p/p^ ) - t(P)j^ I'(p/PQ)cl(p/Pg) (2) 
p
making use, again, of the Kelvin relation between p/p^  and r, 
he obtains the relation between the true pore-size distribution, 
I'Cp/Pq)» and the apparent distribution, dv(P)/dP, by- 
differentiating equation (2). He assumes further, by 
statistical considerations that in the available volume at 
point X,  at pressure p^ and within the hysteresis area, the 
quantity of capillaries of each size is also in the same 
relative proportion as in the available volume at x^ , on the 
main adsorption isotherm at pressure p^ . He expresses this 
relation as:-
_hd£l^ = ^X^^2^ = C (3)
and the constant C, must equal the ratio of the two available 
volumes v^  - v,^
S 0L3C •
■^s - ^ ax
From equations (2) and (3) Katz obtains his equation for 
predicting the adsorption scanning behaviour, already quoted.
The data of Emmett and Cines on the porous glass-argon 
system (56) seem to fulfil the conditions given above. However, 
there seem to be two defects in Katz’s use of Shull’s equation, 
namely, (a) he assumes hysteresis is caused only by the
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presence of ink-bottle capillaries, thus r varies in each pore, 
and (b) he applies the equation to the adsorption branch of 
the loop, which does not obey the Kelvin equation.
However, assuming uniform cylindrical capillaries, and 
that hysteresis is caused by the delayed meniscus effect, a 
similar equation for predicting desorption scanning curves can 
also be derived from Shull’s equation, and is given by;-
= ^a2 - (Ia2jj[h) ^^ (12 ~ d^x^ (4)
(^ d2 -
where v^ is the volume adsorbed at the point of hysteresis 
inception, and the other terms are as before. In this case 
the application of the equation to the desorption data is 
justified. Equation (4) holds only if equation (3) is valid, 
or that each of the capillaries filled in the sub-region is 
present in the same relative proportion as in the overall 
distribution. It has already been pointed out that the 
desorption scanning curve can be super-imposed on the main 
desorption curve for each system investigated in this research. 
However, as a further check, the true pore size distribution 
was determined by using Shull’s method, for gels sW12, and 
sfP2. There does not appear to be a simple method of inversion 
applicable to the pore size integral, equation (1), by which 
the pore size distribution L(r) can be obtained from numerical
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values of v^ - V. However, Shull has presented an indirect
K>
method which solves the equation by comparison of the 
experimental isotherm with calculated isotherms.
Por a Maxwellian distribution of pore sizes
L(r) = (5)
A and r^  are constants.
When this is substituted into equation (1) and the integration 
performed, equation (6) is obtained
Vg - V = Ar^M(R,r^) (5)
The function M(R,r^) has been evaluated by Shull for various 
values of R and r^ , and the curves so obtained, in which 
M(R,r^) is plotted against R, are known as standard inverted 
isotherms.
Likewise for a Gaussian distribution of pore sizes:-
L(r) = (7)
with A, g and r^  constants, and this integrates into:- 
Vg - V = 2A(r^ /(3)Gp(R,r^ ) (8)
Shull has also evaluated the function G_ (R,r ) and drawnÇ3 o
standard isotherms.
The procedure in interpreting experimental data is 
then as follows:- the experimental isotherm is replotted
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as V - V (log scale) versus the corrected Kelvin radius R. 
This curve is known as an * inverted isotherm ^ and can be 
matched with one of the standard isotherms drawn up by Shull. 
R is equal to the sum of the multilayer thickness and the 
radius normally calculated from the simple Kelvin equation. 
Shull suggested that the empirical use of experimental data 
is preferable to the employment of the B.E.T. theory at the 
higher relative pressures in evaluating the thickness of the 
adsorbed layers, and so the former method is used here. In 
some cases the experimental isotherm can be resolved into the 
sum of a Maxwellian and a Gaussian standard isotherm and then
Vg -  V = \rSl(R,r^) + 2A^ r^  ( R , r ^ )  (9)
P,
and hence
(10)
The ethyl alcohol isothermals of gels sW12 and sfP2 have been 
taken as examples and (i) selected points from the desorption 
curves have been replotted as inverted isotherm points, and 
(ii) selected points from the desorption scanning curves have 
also been replotted as inverted isotherm points, as shown in 
Fig.IV.8. Since details of the actual distribution are not 
required, the curves have not been matched with standard 
isotherms. However, both Maxwellian and Gaussian distributions
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are indicated, and more important, the points from the 
scanning curves are on the same inverted isotherm, except for 
a slight deviation at higher pressures in the case of the gel 
sfP2 system. Thus the distribution of the capillaries in the 
sub-region is the same as in the overall distribution, in both 
cases. This confirms the view expressed previously by 
consideration of the fact that the desorption scanning curves 
can be super-imposed onto the main desorption branch of the 
isothermal. Thus the use of the desorption scanning prediction 
equation seems to be justified, and at least in the cases of 
the gel systems with known inverted isotherms,'as just 
described.
Katz assumed that hysteresis was caused only by the 
presence of ink-bottles, and hence the overall pore size 
distribution could be calculated from the main adsorption 
isotherm. In equation (4)> it is assumed that the pore size 
distribution can be calculated from the main desorption 
isotherm and therefore if the equation is obeyed, the delayed . 
meniscus open-pore theory is valid.
Table F.4. gives predicted values of v for the
desorption scanning curves calculated from equation (4). The
water systems were not used in this calculation since in each
case the second desorption curve shifted towards the pressure
axis, and it is necessary to obtain accurate values for v ,dx^
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i.e, the volume adsorbed at a pressure p on the desorption
branch corresponding to v^^ on -the scanning curv
Table F.4.
Gel Adsorbate £ ^calc. Vexp. V -,calc.
sP2 EtOH 36.0 444 429 15
38.0 483 465 18
sfP2 EtOH 36.0 297.1 298.0 0.9
34.0 283.8 283.3 0.5
33.0 276.5 275.0 1.5
32.0 265.4 256.0 0.6
31.0 251.4 256.0 4.6
si2 EtOH 31.0 342.8 342.3 0.5
' 30.0 341.5 341.0 0.5
29.0 337.0 337.8 0.8
28.2 333.0 333.5 0.5
- V
Allowing for the size of the loops, good agreement is obtained 
for the last system, and down to a pressure of 31.0 mm. for 
gel sfP2 - EtOH system. Thus it might seem that open-pore 
capillaries predominate in gels sW2 and sfP2, but not to such 
a_n extent in the extracted gel sP2.
Thus from the shape of the scanning curves obtained 
iand assuming ink-bottle pores are not predominant, it seems 
that the only difference between desorption from saturation
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and desorption from a point on the adsorption branch of the 
loop is the effect due to layer adsorption in the latter case, 
a fact ignored by Cohan. To obtain a clearer picture, let it 
be assumed'that open pores predominate and the delayed meniscus 
theory accounts for hysteresis.
Consider a gel consisting of 
cylindrical capillaries of maximum 
radius r^. If x is the thickness
P-
FI Cr. E. F!
of the adsorbed layer at the point 
of hysteresis inception, and t(R) 
is the additional thickness of the 
adsorbed multilayer, then at point 
Y on the main desorption isotherm, 
the volume adsorbed is:-
(a) y -2r L(r)dr + vX
where v is the total volume of the adsorbed layer x, and r is X y
the maximum Kelvin radius of filled capillaries. At point X on 
the adsorption curve and at the start of the desorption scanning 
curve, the volume adsorbed is:~
^ r^L(r)dr  ^ — - (r-t (R ) j L(r)dr + v^
where r^  is the maximum Kelvin radius of filled capillaries.
The second term is the total volume of the adsorbed layers in
I V . p . 2 8 .
capillaries of radius greater than r . Thus :-
^r^L(r)dr - TT  ^[r^ -(r-t(R))^]L(r)dr
J
Returning to the type of curve obtained in this work, since 
each curve can be superimposed onto the main desorption 
isotherm and has a point of inflexion at approximately the 
same pressure, then it seems probable that the scanning curve 
obeys the Kelvin equation, the most frequently occurring 
radius being indicated by the point of inflexion. Thus 
desorption along the scanning curve XO consists of the 
emptying of capillaries according to the Kelvin equation and 
simultaneously the desorption of the multilayer thickness, t(R), 
according to the B.E.T. theory and thus an equation of type (b) 
is applicable. Since at any point on the main desorption 
isotherm t(R) = 0, then at the point of junction of the 
desorption scanning curve with the main desorption isotherm, 
the additional multilayer thickness must be zero and this can 
only be so at the point of inception.
Cohan and Katz both assume that a type 2 desorption 
scanning curve indicates open pores. This type of curve, 
which meets the main desorption curve at point B, Pig.IV.C., 
implies that at this point all capillaries with radii 'up to^ 
are completely full and all capillaries with radii greater 
'fcii.Q-n X*B are completely empty, except for an adsorbed layer, x.
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Thus the multilayers adsorbed on all capillaries of radii 
greater than r^  have been completely desorbed at a pressure p^ , 
or t(R) = 0 for all capillaries of radii greater than r^.
Since as the pressure increases multilayers are built up 
according to the B.E.T. theory,it is difficult to understand 
why additional layers are not built up until a definite 
pressure p^  is reached, the process being reversible. In the 
case of the large capillaries additional adsorbed layers would
\
be expected down to the point of inception, and therefore the 
scanning curve would not meet the main desorption curve until 
this point was reached, as has been found experimentally in 
this research for all the systems determined. Certainly at 
low pressures the scanning curve runs very close to the main 
curve and a slight experimental error might lead one to
suppose the scanning curve joins the main isothermal at a
/
point higher than the point of inception, although the shape % -
Ii
of the curve should decide the type.
Finally there is another defect in the reasoning put 
forward by Katz who deduces that a desorption scanning curve 
should coincide at every point with the adsorption scanning 
curve having the same terminal points. He bases this on the 
fact that desorption along a scanning curve involves a decrease 
in the multilayer thickness and desorption from wedge-shaped 
capillaries, while adsorption along a scanning curve involves 
exactly the reverse processes, since both are reversible with
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pressure. He has ignored the fact that in the adsorption 
process some of the capillaries have filled by capillary 
condensation according to the corrected relation
p = p e - V ( r - ^ / 2 )
^a -^o
but will desorb at a pressure p^, in accordance with the Kelvin 
equation. Thus desorption along a scanning curve involves a 
decrease in multilayer thickness and also the emptying of 
capillaries according to the Kelvin equation. However, 
adsorption along the scanning curve from the same terminal 
point, involves the reversible increase in the multilayer 
thickness and the irreversible filling of capillaries according 
to the equation given above, and thus the curve will not follow 
the same path as the desorption scanning curve. In fact, if 
the terminal point is the point of inception, the adsorption 
’scanning’ curve will fall on the main adsorption curve.
Data ' relating to the point of inception for each 
system are given in the following table:-
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Table P.5.
Gel Adsorbate
sfP2 H,0 3.4 5.5 1.6
sP2 H O^ 10.2 12.5 3.6
sfP2 EtOH 12.0 6.5 1.3
sP2 EtOH 22.0 10.5 2.0
sW2 EtOH 27.8 13.7 2.7 ,
The value of was calculated from the Kelvin equation and is 
the Kelvin radius and not the true pore radius.
It is seen that in the case of the mixed gel the point 
of inception is at a very low pressure, and it has already been
I
mentioned that only one layer is adsorbed before capillary 
condensation begins, for the ethyl alcohol system.
Por the extracted silica gel systems the point of 
inception in both cases is much higher, indicating a thicker 
adsorbed layer before capillary condensation occurs. This is 
probably due to the fact that all the pores have been enlarged 
during the extraction of the ferric oxide, even the very small 
pores, and therefore a thicker layer must be built up before 
the capillary forces can come into effect.
However, it is interesting to note that a value for r^ /cr 
as low as 1.3 has not been previously reported.
IV.G.I.
SUMMARY.
Silica gels prepared by different methods have been 
found to give varied types of sorption isothermals indicating 
a wide variation in pore size and distribution.
Section B describes gels obtained by the removal of ferric 
oxide from mixed silica-ferric oxide gels prepared by a method 
similar to that used by Plank and Drake, (11). The ethyl 
alcohol isothermals on both the mixed and extracted gels 
resemble those of alcohol on ferric oxide gels, rather than 
those hitherto described for silica gels. It is suggested 
that in the mixed gels the ferric ion is linked in the 
6 co-ordinate state with silicon atoms and hydroxyl groups; to 
form a true gel structure. The extraction process does not 
seem to be a simple enlargement of the pores, and except in 
one case the creation of new pores is indicated. On extraction 
of the ferric oxide from the mixed gels the change in pore 
radius bore no relationship between either the change in 
density or saturation volume. However, results indicate that 
the extraction process left the basic silica structure 
unaltered.
Section C. Mixed silica 'gels' were also prepared by a method 
similar to that used by Holmes and Elder (8) and the 
corresponding 'chalky' silica 'gels' were extracted. The ethyl 
alcohol isothermals were all similar in shape, being essentially
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type III curves and indicating wide variations in the pore 
structure of the sorbents. Experimental data show that the 
ferric ion in the gelatinous precipitate obtained in this 
method of preparation, is not in the 6 co-ordinate state as 
before, but probably is combined as ferric silicate, the amount 
of water in the sorbent varying according to the method of 
drying the precipitate.
Section D. Silica gels with Kelvin radii' varying from 8.9A to 
28.6a have been prepared by variations of a method used by 
Weiser, Mlligan and Holmes (2). It has been found that a 
sol of
(1) lo^ pH
(2) low *pc' value
(3) low temperature (5 - lO^ C)
is required to give a gel of low pore radius, the most 
important factor being the pH of the sol.
The type of isothermal given by gel sWl with water and 
ethyl alcohol has not been reported before and may be considered 
as the superimposition of type I and III curves. The absence 
of a hysteresis loop in these systems is explained by the 
assumption that the sorbent contains both very small and very 
large capillaries, the latter only filling by capillary 
condensation at pressures so close to the saturation pressure 
that the loop cannot be determined.
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Gel sW2 and gels prepared from sols of low pH were 
found to be of type B, specified in literature by Poster. This 
type of gel is of importance since it shows a large loop with 
water, a smaller loop with ethyl alcohol, while with the 
higher amines the loop is absent (Ij. This confirms the 
prediction of the open-pore theory that hysteresis should 
ultimately disappear as the diameter of the adsorbed molecule 
increases.
Water Repellent and Patty Acid Treatment.
Section E. ' Several different types of gel (sW12, sP3 and D) 
have been treated with various water-repellents, such as 
'teddol', a silicone fluid and silicon tetrachloride, and also 
with fatty acids in an endeavour to produce a gel with water- 
repellent properties. Gels sP3 and D proved to be the most 
interesting.
Firstly, in the case of the water-repellent treatment, 
various methods were used and it was noted that the treatment 
was more effective if an amount of water corresponding to the 
quantity required to form a monolayer on the surface of the 
gel was initially adsorbed on to the gel, as in the treatment 
of gel sP3. Another effective method was to reflux the gel 
with a solution of teddol in carbon tetrachloride, as in the 
treatment of gel D.
In the case of the ethyl alcohol isothermals on the
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treated gels no great alteration in the shape of the curves 
was produced except for a continual shift of the curves towards 
the pressure axis wi*£h each treatment. However, all three 
treated gels showed a specificity in the sorption of water, 
especially marked in the case of gels sP3 and D, where the 
isothermals given by the treated gels were greatly altered, 
very little water being adsorbed in either case. In the 
isothermal given by treated gel sP3(t with water, only a very 
small hysteresis loop was observed and at a much higher 
pressure than in the untreated gel system. The shape of this 
curve was concluded to be determined by the distribution of 
the less frequently occurring pores of large radii, (the most 
frequently occurring radius among the latter being 29*6A), the 
smaller pores either being blocked by a siloxane layer or 
remaining empty due to the repellent properties of the 
capillary walls. Further, since only pores of larger radius 
are filled, layer adsorption is predominant until a high enough 
pressure is reached for capillary condensation to occur, and 
thus a hysteresis loop is obtained with the point of inception 
at a higher pressure than before.
Treated gel D(t )g also exhibits striking water-repellent 
properties, but in this case there is a decrease in the Kelvin 
radius from that of normal gel D. By consideration of the 
isotherm data it is concluded that the predominant effect of
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the teddol treatment is to completely block the smaller 
capillaries. It has also been suggested that the exclusion 
of 0.22 ml. water per gm. is partly due to the different angle 
of contact, &, presented to the water by the siloxane layer, 
necessitating its inclusion in the Kelvin equation:-
p = p^e-2Vycose/rRT
A calculation of G has been made from the derived equation:-
cos G - 1loge(Pi/P2) =
RT 2^ 1^
where r^  = r^  - x(T, where r^  is the true pore radius
calculated from the ethyl alcohol isothermal,
(U = 3.5A, and x is the number of adsorbed layers 
of water.
r^  = Kelvin radius calculated from the water isothermal. 
However, this explanation is not the only cause of the 
specific nature of the sorption of water, as it is 
inapplicable, for example, in the case of gel sP3(t)2*
Prom the results of the fatty acid treatment of gel D 
the surface area of the gel covered by the fatty acid molecules 
has been determined. Results indicate orientation of the 
fatty acid molecules on adsorption so that the chains are 
perpendicular to the surface and the adsorption forces act 
through the terminal carboxylic groups. However, it is
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possible that one fatty acid molecule might block a capillary 
completely, thereby decreasing the surface area, of the gel by 
a greater amount than the area occupied by that molecule, and 
thus the process is not a simple one.
The acetic acid isothermals determined on the fatty 
acid treated gel D each consist of two approximately linear 
regions. A further point of interest is that the point of 
hysteresis inception for the gel D (stearic) - acetic acid 
system is at the very low pressure of 1.1 mm., from which r^  
is calculated and the value of r^ /<r is approximately one.
Summary of Hysteresis Results.
Section P. Pirstly, a survey of recent hysteresis theories 
has been made, including a detailed account of the ink-bottle 
theory as reviewed by Katz, and the open-pore theories of
I
Poster and Cohan.
The method of predicting adsorption scanning curves 
used by Katz and based on Shull's equation;-
(r - t(R))^ L(r)dr
' -"R
is discussed and defects are pointed out. The data determined 
in this research do not fulfil these conditions, neither are
V - v (R) = TT s
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they in agreement with Cohan's equation for open pores:-
P; . P/^" -
However, assuming uniform cylindrical capillaries and 
that hysteresis is caused by the delayed meniscus effect, a 
similar equation to that derived by Katz, for predicting 
desorption scanning curves has been quoted, and is as follows:
= ^a2 - ~ (^ cL2 ~
(V&2 -
In this case the application of the equation to desorption 
data is justified. The above equation holds only if each of 
the capillaries filled in the hysteresis sub-region is present 
in the same relative proportion as in the overall distribution. 
This has been checked for two gels by the use of Shull's method 
for the evaluation of the pore size distribution, and it is 
found to hold in both cases. Fairly good agreement is obtained 
with the experimental data, and this indicates the validity of 
the open-pore theory.
All the scanning curves are of type 1 and 4> as denoted 
by Katz, and except for one gel system all the desorption 
scanning curves possess a point of inflexion and this occurs
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at a pressure almost identical with that corresponding to the 
point of inflexion on the main desorption isotherm. Further, 
the two curves can be made to superimpose in each case. These 
type 4 desorption scanning curves are shown to be in agreement 
with the open-pore theory, multilayer adsorption (ignored by 
Cohan) being an important factor. Type 2 and 3 scanning 
curves are not in agreement with this theory.
Finally data has been given relating to the point of 
hysteresis inception for each system. In the case of the 
mixed gel sfP2, this point is at an exceptionally low pressure 
in both the water and ethyl alcohol iso thermals. However, in 
the case of the corresponding extracted silica gel the point 
of inception is much higher in both systems.
Thus, hysteresis scanning data obtained in this 
research can be explained on the basis of the open-pore 
theory, various defects in the ink-bottle theory having been 
pointed out.
(i)
APPENDIX I.
Table of Physical Constants.
Substance £c
' 4
_ —I _dyne cm. T.P
at t"c. mm. Hg.
HgO 25 0.997 71.97 23.75
EtOH 25 0.7852 21.96 59.14
HAc 25 1.044 26.85 15.50
o ♦
0.6627
0.6529
0.8351
(ii)
APPENDIX II.
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